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QO (54) Title: TARGET ACTIVATED NUCLEIC ACID BIOSENSOR AND METHODS OF USING SAME 

(57) Abstract: Methods for engineering a target activated biosensor arc provided. Biosensors comprise a plurality of nucleic acid 
^ sensor molecules labeled with a first signaling moiety and a second signaling moiety. The nocldc acid sensor molecules recognizes 

target molecules which do not naturally bind to DNA. Binding of a target molecule to the sensor molecules triggers a change in the 
O proximity of the signaling moieties which leads to a change in the optical properties of the nucleic acid sensor molecules on the 
^ biosensor. Reagents and systems for performing the method are also provided. The method is useful in diagnostic applications and 
1^ drug optimization. 
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TARGET ACTIVATED NUCLEIC ACID BIOSENSOR 
AND METHODS OF USING SAME 

Field of the Invention 

5 

The mvention relates generally to nucleic acids and more particularly to nucleic acid 
sensor molecules. 

Backeronnd of the Invention 

10 In addition to carrying genetic information, nucleic acids can adopt complex three- 

dimensional structures. These three-dimensional structures are enable of specijfic bmdmg to 
target molecules and, furthermore, of catalyzmg diemical reactions. Nucldc acids will dius 
provide candidate detection molecules for diverse targ^ molecules, mcluding fliose which 
that do not naturally bmd to DNA or KNA. The aptamer selection mefliod (Th vitro selection 

15 of KNA molecules that bind specific ligands^ (Ellmgton and Szostak, 1990) exploits this 
property of nucleic acids. In aptamer selection, combinatorial libraries of oligonucleotides are 
screened to identify oligonucleotides, or q^tamers, which bmd with high aflSnity to pre- 
selected targets. 

Both small biomolecules (e.g., amino acids, nucleotides, NAD, S-denosyl mefliionmei 
20 chloramphenicol), and large biomolecules (tinombin, Ku, DNA polymerases) are efiEective 
targets for aptamers. 

The aflBnities of q)tamCTS range from dissociation constants (K^s) of, c.g., 0.3 pM to 
500 nM, with most aptamers havmg binding aflBnities in the range of 1-10 nM. Recent 
observations suggest that simple changes in the chemical structure of the oligonucleotides in 
25 aptamer libraries, sudi as 2*«-fluorosubstitutiohs in the pyrimidines can increase these 
affinities by 1 to 3 orders of magnitude. An increase in the specificity of binding is also 
observed. For example, a modified anti-human k^atinocyte growth factor (hKGF) aptamer 
w^x* ^ixvYTu wjr wiuu uxvvjx- uvc luucii moic ugnxiy mBtt rai 10' to 10'" times more 
tigjitly than related growth fectors, and 10^^ times more tightly than an unrelated protem, such 
30 as thrombin (Pagratis, Ct al. 1997). Gold, et al. (1995, 1997), Fitzwater, Ct a!. (1996), and 
Eaton, et aJ.(l 995) also report increases in tiie afSnity and specificity of aptamer bmding 
upon chemical modification. 

Aptamer biosensors have been used to detect specific analyte molecules. For example, 
fluorescentiy labeled anti-thrombm aptamers attached to a glass surface have been used to 

1 
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detect the presence of thrombin protems m a sample by detecting changes m the optical 
properties of the aptamers (Potyrailo, et al, 1998). In this system, binding of thrombin to the 
labeled aptamer is monitored by detecting fhiorescent emission of the aptamdr upon 
excitation by an evanescent field. A method of detecting binding of a ligand to an aptamer 
5 has also been described which relies on the use of fluorescence-quenching pairs whose 
fluorescence is sensitive to changes in secondary structure of the aptamer upon ligand 
binding (Stanton, et al. 2000). However, ligand-mediated changes in secondary structure 
were engineered into the aptamer molecule via a laborious engineering process in which four 
to six nucleotides were added to the 5* end of the aptamer that was complementary to the 

10 bases at the 3' end of the thrombin binding region. In the absence of thrombin, this structure 
forms a stem loop structure, while it forms a G-quartet structure in the presence of thrombin. 
Fluorescent and quenching groups attached to the 5' and 3* end signal this change. 

Other nucleic acid-based detection schemes have exploited the ligand-sensitive 
catalytic properties of some nucleic acids, e.g., such as ribozymes. For example, Robertson 

1 5 and Ellington (2000) have demonstrated that a ribozyme which acquires a ligase activity 
upon ligand binding can be used to detect a ligand by monitoring the ligation of a small, 
labeled second oligonucleotide to the ribozyme. In a complementary approach, labeled 
allosteric ribozymes which undergo cleavage upon binding to a ligand have been used to 
detect ligand by monitoring the release of the label from the ribozyme (Soukup, et al., 2000, 

20 and Breaker, 1998). However, all of these detection techniques suffer from the disadvantage 
that the ligand-activated ribozyme is irreversibly modified in the course of generating a 
signal. Thus, these types of ribozymes can be used only once in an assay. Furthermore, signal 
generation is slow with these ribozymes and can take from one minute to one hour or more. 

25 Summary of the Invention 

The invention is based in part on the discovery of nucleic acid target activated 
biosensors that include nucleic acid semor molecules whose optical properties change upon 
binding to a target molecule. The mvention provides a target activated biosensor which can 
be used in multiple assays for the detection of a target molecule. The biosensor according to 

30 the mvention is highly sensitive, with flie ability to detect as few as 1 0^ to 10^ molecules of a 
target, and is highly specific, capable of distinguishing between closely related molecules. 
Target molecules are detected rapidly because recognition by the nucleic sensor molecules on 
the biosensor leads to immediate signal generation. The biosensors are ideal for use in a 
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clinical laboratory, affording simple, easily automated chonistry during selection and 
wigmeering, and easily automated chemistry during fte detection process. The same 
biosensors which are used for perfoiming diagnostic assays can be used in the development 
of new drugs. 

5 Among tbe advantages of flie invention are tfiat it provides a biosensor reag^it that 

can detect and signal the presence of a ligand (target) or analyte in solution, but which does 
so even aflar the ligand is removed, or after ttie ligand-biosensor complex dissociates. The 
nucleic acid sensor molecules desoibed herein include those comprising a target molecule 
activation site which comprises a structure which specifically interacts with a target molecule 

10 and an optical signalmg um'L The optical signaUng unit includes at least one nucleotide 

coupled to a agnalmg moiety. Generation of a signal by the signaling moiety is sensitive to 
the conformational changes in the nucleic add sensor molecule which occurs upon allosteric 
activation of the target molecule activation site by a target molecule. Allosteric activation of 
the nucleic add sensor molecule can result m an irreversible change m the optical signaling 

15 properties of &e optical signaling unit Alternatively, allosteric activation of flie nucldc add 
sensor molecule can result in a fiilly reversible change in tiie optical signalmg properties of 
the optical signaling unit. In cme anbodiment; allosteric activation arises tiirough binding of 
flie target molecule to the nucleic add smsor molecule at either the target molecule activation 
site, at tiie optical signalmg unit itsell^ or at a site comprised of part of the target molecule 

20 activation site and part of the optical signaling unit in one embodiment of the invention, 
allosteric activation, by tiie target molecule^ of the target activated biosensor results m 
irreversible modification of the nucleic add sensor molecule such that a detectable optical 
signal is goierated continuously, even aSt&c the target molecule is separated fiom fte 
biosensor. Thus, in the present invaition signaling does not require Aat target molecule 

25 remain bound to tiie biosensor. 

In one aspect, the invention provides a nucleic acid sensor molecule tiiat includes a 
target molecule activation site. The target molecule activation site mdudes, e.g., a structure 
tiiat recognizes a target molecule, and an optical signaling unit The optical signaling unit 
mcludes at least one nucleotide coiq)led to a signaling moiety; and tiie signalmg moiety 

30 changes its optical properties (e.g., (he signaling moiety may generate a signal) upon 

allosteric modulation of the nucldc acid sensor molecule followmg recognition of the target 
molecule. 



wo 02/22882 



PCT/USOl/28835 



lii one embodiment, a diagnostic system is provided comprising at least one biosensor 
and a optical signal detector in optical communication with the biosensor. The invention 
furtho: relates to methods of using the diagnostic systems in tiie detection of target molecules 
associated with disease and for the development of drugs effective against disease. Reagents 
5 and kits usefiJ for performing the methods are also provided. 

In another embodiment of the mvention, the molecular smtctx is an afiSnity tag (e.g. 
biotin, digoxigenm) whose activity is altered by the presence of the target. In the presence of 
the target, the afiBnity tag becomes active and can drive association between the sensor 
molecule and the binding partner of the afiBnity tag (e.g., streptavidin, anti-DIG). Optical 

10 signaling mediated by the afiSnity tag binding partner (e.g. light generation by luciferase- 
conjugated streptavidin) can thus be localized to the sensor and thus provide a means for 
detecting the presence of tiie target. Changes in the local environment or relative proximity 
of the optical sensors associated with the nucleic acid sensor molecule can come about as a 
result of (1) target-induced conformational changes in the sensor, (2) chemical dianges 

1 5 induced by the sensor molecule itself or (3) by catalysts acting upon the sensor molecule. In 
the first case, target may specifically interact with the sensor to drive it firom one 
conformation into another or fiiom an unfolded state into a folded state. In the second case, 
the sensor molecule is ribozyme or deoxyribozyme whose activity is controlled by the 
presence of the target In the third case, the sensor is a substrate for modification by chemical 

20 agents or catalysts (e.g. enzymes). The extent to which the sensor serves as a substrate is 
controlled by the presence of the target (which may act directly as the chemical 
agent/catalyst, as a regulator of the di^ical agent/catalyst, or as a regulator of the sensor to 
change its susceptibility to the chemical agent/catalyst). 

In one embodiment, the target activated biosensor is used to detect a target molecule 

25 through changes in the optical properties of the nucleic acid s^or molecule which occur 
upon binding of the nucldc acid molecule to the target molecule. The invention makes use of 
a molecular switch which is activated upon binding of a target to a nucleic acid molecule. In 
one cmbodhnent, the molecular switch is a fluorescent label whose li^t emission is 
quenched by the proximity of a quencher. Binding of a target molecule to the nucleic acid 

30 molecule causes the label and the quencher to be separated fi-om each other such that the 
fluorescent efficiency of the label dramatically increases. In another embodiment, the 
molecular switch is a fluorescence energy transfer (FRET) pair. Bindmg of a target molecule 
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to the nucleic acid sensor molecule causes a change in the distance between donor and 
acceptor groups, leading to a change in the optical properties of the molecule. 

In one embodimoit; the nucleic acid sensor molecules are generated by selecting for 
nucleic acid molecules which have a target activatable catalytic activity. In this embodiment, 
5 a population of oligonucleotides is provided which are contacted with a target molecule, and 
a nucleic acid sensor precursor molecule is selected comprising a target molecule activation 
site to which flie target molecule specifically binds. 

In sc»ne embodiments, bmding triggers a conformation change in the molecule. Each 
oligonucleotide in the population comprises a random sequence; and, optionally, one or more 

10 fixed sequences coupled to the random sequmce. The fixed sequaice can contain at least a 
portion of a catalytic site for catalyzing a chraaical reaction (the remaining portion can be 
siqyplied by fte random sequence). The catalytic site can be, but is not limited to, a ligase site, 
a self-cleavmg site, the catalytic site of a Group I mtron, the catalytic site of a Group n 
intron, die catalytic site of a hammerhead ribozyme, haiipm ribozymes, HDV ribozymes, LI 

IS ligase, Bartel ligase, self-biotinylatmg ribozymes, and Lorsb kinase. 

Jn one embodiment; die fixed sequence fiirtber mdudes sequences to aid in clonmg 
and/or sequencing of identified molecules. Such sequences include PGR primer activation 
sites, promoter sequences to direct in vitro tansoiption, RNA polymerase primer activation 
sites, restriction enzyme recognition sites, and the like. The molecule also comprises a 

20 catalytic site which comprises a sequence cq>able of catalyzing a ch^cal reaction upon 
binding of tiie target molecule to the tai^ molecule activation site. 

Nucleic acid sensor precursor molecules are identified which comprise a target 
activation site witfam the random sequence wfaidi binds specifically to a target molecule and 
whose catalytic activity is modifiable (e.g., activatable) by target molecule binding to the 

25 activation site. In one embodiment, the nucleic acid precursor is provide on a leplicatable 
nucleic acid sequence (e.g., a plasmid). 

Jn one embodimmt, the nucleic acid sensor precursor molecule is converted to a 
nucleic acid sensor molecule by deleting or modifying at least a portion of the catalytic site, 
rendering the catalytic site non-functional and e:q)osing a 3' nucleotide couplable to a first 

30 signaling moiety and a 5* nucleotide couplable to a second signaling moiety. Binding of tije 
target molecule to fee target molecule activation site changes the proxhnity of the first 
signaling moiety to die second signaling moiety when the first and second signaling moieties 
are bound to die 3* and 5' nucleotides, causing a change in die optical properties of die 
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nucleic acid sensor molecule. In one embodiment, the first signaling moiety is a donor 
fluorophore and the second signaling moiety is a quenching molecule, and the donor 
fluorophore is quenched by the quenching molecule when the sensor molecule is unbound by 
target molecule. 

5 In one embodiment, the nucleic acid sensor molecule comprises a target molecule 

activation site which comprises a structure which specifically binds to a target molecule and 
an optical signaling unit The optical signaling unit comprises at least one nucleotide coupled 
to a signaling moiety; generation of a signal by the signaling moiety is sensitive to the 
conformational changes in the nucleic acid sensor molecule which occur upon binding to a 

10 target molecule. In one embodim^t the optical signaling mat comprises a first nucleotide 
coupled to a first signaling moiety and a second nucleotide coupled to a second signaling 
moiety. The first and second signaling moieties change their proximity to each other upon 
binding of the target molecule to the target activation site. This change m proxunity generates 
a signal indicative of the presence of a target molecule. In another embodiment, the optical 

1 5 signaling unit consists of a single signaling moiety, introduced at either an internal or 

terminal position within the nucleic acid sensor molecule. In this embodiment, binding of the 
target molecule results in dianges in bodi the confonnation and physical aspect (e.g., 
molecular volume or mass, and thus rotational diffusion rate, etc.) of the nucleic acid sensor 
molecule. Conformational changes in the nucleic acid sensor molecule upon target binding 

20 will modify the chemical environment of the signaling moiety, while changes in the physical 
aspect of flie nucleic acid sensor molecule will alter die kinetic properties of the signaling 
moiety. In both cases, the result will be a detectable change in the optica] properties of the 
nucleic acid sensor molecule. 

In one embodiment, a target activated biosensor is provided which comprises a 

25 plurality of nucleic acid sensor molecules. The biosensor according to the present invention 
can comprise nucleic add sensor molecules which are free in sohition. Altmiatively, the 
nucleic acid soisor molecules can be bound to a substrate such as a glass, silicon, 
nitrocellulose, nylon, plastic or other polymer, either covalently or noncovalently, directly or 
indkcctly (e.g., through a linker molecule). In one embodiment, the target activated biosensor 

30 comprises at least two nucleic acid based-biosensor molecules with binding specificities for 
different types of target molecules. 

In one embodiment, a diagnostic system for the detection of at least one target 
molecule, is provided comprising a nucleic add based biosensor, and a detector in optical 
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communication witii tiie biosensor which detects changes in the optical properties of nucleic 
add sensor molecules on said biosensor. In another embodunait, the diagnostic system, 
fiirflier comprises a light source in optical commumcation wifli the biosensor and a processor 
for processing optical signals detected by the detectCMr. In a further embodiment, the 
5 diagnostic system comprises a plurality of biosensors, each of which can have a different 
specificity for a target molecule. 

A kit is also provided comprising standardized reagents for detectmg a target 
molecule using 4e nucleic acid sensor molecules according to the invaition. The kit 
comprises a nucleic acid sensor molecule comprising a target activation site and at least one 
10 nucleotide couplable to a signaling moiety. At least one additional reagent is provided 
comprising any of: reagrats for attaching a first signaling moiety; reagents for attaching a 
second signaling moiety^ control target molecules; and appropriate buffers for analyte 
detection, b a fiirther embodunm^ complexes of target molecules and nucleic acid sensor 
molecules are provided. 

15 In one embodunent, the target activated nucleic acid biosensors are used to detect a 

tatget molecule. A biosensor is contacted wife a sample and changes in the optical properties 
of the bios^or are determined which can be correlated to the presence or absence of a target 
molecule in the sample. In one ^embodiment the target molecule is associated with a 
paAological condition or a genetic alteration. In anotho- cmbodimeait, a plurality of diflfer«t 

20 target molecules are detected. In stiU a fiirther embodhnen^ tiie detection of a pluraUty of 
different target molecules is used to create a diagnostic profile of the patient from whom tiie 
sample is obtained. Tlie profile can be correlated with any of a wild type state, a patiiological 
condition, or at least one genetic alteration. 

In one embodiment of invaition, a method for identifying a drug compound is 

25 provided, comprising identifying a profile of target molecules associated with a disease trait 
m a patient, admmistering a candidate compound to die patient, and monitoring changes in 
tiie profile, hi another onbodiment, the monitored profile is compared wifli a profile of a 
healttiy patient or population of heatthy patients, and a compound which generates a profile 
which is substantially similar to die profile of target molecules in the health paticnt(s) (based 

30 on routine statistical testing) is identified as a drug. Li a fiirther «nbodiment, both the 
profiling and the drug identification step is performed using at least one sensor molecule 
whose properties change upon binding to a target molecule. 



7 
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In a further embodiment, a method for identifying a drug compoimd comprises 
identifying a plurality of pathway target molecules, each belonging to a pathway, monitoring 
the level, chemical structure, and/or activity of pathway target molecules in a patient having a 
disease trait, admmistering a candidate compound to the patient, and monitoring changes in 
5 the level, chemical structure, and/or activity of the pa&way target molecules. In another 
embodiment, the monitored level, chemical structure, and/or activity of the pathway target 
molecules is compared to the level and activity of pathwray target molecules in a wild type 
patient or patients- In a further embodiment, both the profiling of the plurality of pathway 
target molecules and the identification of a candidate drug is performed using at least one 

10 sensor molecule whose properties change upon binding to the pathway targ^ molecule. 
Properties according to this aspect, include, e.g., optical properties, change in sequrace, 
chemical structure catalytic activity, or molecular weight In a preferred embodimrat, sensor 
molecules are target activated nucleic acid sensor molecules. 

In one embodiment, samples firom a treated patient are tested in vitro; however, 

15 samples can also be tested ex vivo or in vivo. Because large number of target molecules can 
be monitored simultaneously, the method provides a way to assess die affects of compounds 
on multiple drug targets shnultaneously, allowing identification of the most sensitive drug 
targets associated with a particular trait (e.g., a disease or a genetic alt^ation). 

Unless otherwise defined, all tedmica] and scientific terms used herein have the same 

20 meaning as commonly und^ood by one of ordinary sldll in the art to which this invention 
belongs. Although methods and materials similar or equivalent to those desoibed herein can 
be used in the practice or testing of tiie present inv»tion, suitable methods and materials are 
described below. All publications, patrat applications, patents, and otfa^ref^ences 
mentioned herein are incorporated by reference in fiieir entirety. In the case of conflict, the 

25 present specification, including definitions, will control. In addition, the materials, methods, 
and examples are illustrative only and are not intended to be limiting. 

Other features and advantages of the invention will be £^parent fit)m the following 
detailed description and claims. 

30 Brief Description of the Drawings 

Figure 1 is a flow diagram showing a method for selecting nucleic acid sensor 
precursor molecules having a target molecule activatable ligase activity according to one 
embodiment. 

S 
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Figures 2A and B show a nucleic acid sensor precursor molecule according to one 
embodiment, in which the catalytic site includes a ligase site* Figure 2A shows the 
conformation of the target molecule bound form of the nucleic acid sensor precursor 
molecule. Figure 2B shows the conformation of the non-target bound form of the nucleic acid 
5 sensor precursor molecule. 

Figures 3A and B show a nucleic acid sensor molecule derived from tiie nucleic acid 
sensor precursor molecule shown m Figures 2A and B in which first and second nucleotides 
are labeled witti first and second signalmg moieties (F and D, respectively). 

Figure 4 is a flow diagram showing a method for selecting nucleic add sensor 
10 precursor molecules having a target molecule activatable self-cleavage activity accordmg to 
oneembodimrat 

Figures 5A and B diow a nucleic acid sensor precursor molecule according to one 
embodiment, in which the catalytic site faicludes a self-cleavage site whidi is the catalytic 
core of a hammerhead ribozyme. Figure 5A shows the confoimatton of the target molecule 
15 bound form of the nucleic acid sensor precursor molecule. Figure SB shows the conformation 
of the non-target bound form of the nucleic acid sensor precursor molecule. 

Figures 6A and B show a nucleic acid sensor molecule derived jEnun the nucleic acid 
sensor precursor molecule shown m Figures 3 A and B m which first and second nucleotides 
are labeled with first and second signaling moieties (F and D, respectively). 
20 Figure 7 is a schmiatic diagram iUustrating pathway target molecules according to 

one 10 embodiment . 

Figure 8 is a flow chart showing steps in a drug optimization method according to one 
embodunent, in which nucleic acid sensor molecules are used at each step in the method. 
Figure 9A shows a nucleic acid sensor derived from an aptamer beacon specific to 
25 thrombin in both bound and unbound oonformations. Figure 9B shows protein titration data 
gen^ted with the nucleic acid sensors pictured in Figure 9A. 

Figure 1 OA shows an example of a self-cleaving nucleic acid sensor bound to a solid 
support vfhen used in an epi-illuminated FRET detection scheme. Figure 1 OB shows the same 
sensor in an epi-iUuminated beacon configuration, wiA the acceptor fluorophore replaced by 
30 a quencher group. Figure IOC shows the same sensor in an TIR-illummated beacon 
configuration. 

Figure 1 1 shows an example of a self-ligating nucleic acid sensor bound to a solid 
support when used in a TlR-illuminated detection scheme where there is a signal increase 
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Upon target binding. Figure 1 IB shows the same sensor in an epi-illuminated configuration, 
where target binding is detected by nionitoiing changes in the fluorescence polarization of the 
fluorophore bound to the substrate. 

Figure 12 illustrates the use of beads in a homogeneous assay format utilizing a self- 
5 ligating nucleic acid sensor. Figure 12A shows the beads prior to target binding and ligation 
(no emission from acceptor). Figure 12BA shows the beads after target binding and Ugation 
(emission from acceptor detected). 

Figure 13A shows the physical basis for FP-based detection using the aptamer 
beacon-derived sensor with a single fluorophore and no quencher. Figure 13B shows an 
10 image acquired with the scanning TIR/PMr detection system described in Figure 1 4 of a 4- 
element biosensor on a glass substrate. Figure 13C shows an FP titration curve generated 
with the tiirombin sensor in a biological fluid of diluted human s^um. 

Figure 14 shows a schematic of a previously constructed scanning detection system 
utilizing TIR laser evanescent wave excitation in either large area illumination/CCD unaging 
15 mode, or scanned spot/PMT hnaging mode. The schematic shows how an array can be 
scanned and FP or fluorescence intensity data extracted. 

Figures ISA and ISB are schematic diagrams showing the nucleotide sequ^ce of an 
ERKl riboreporter. 

Figure 16 is a schematic diagram showing the nucleotide sequence of a ppERK 
20 riboreporter. 

DetaOed Description of the Invention 
The invention provides allosteric nucleic acid sensor molecules which change their 
conformation and/or activity m response to target molecule binding. The sensor molecules 
25 comprise a target activation site and a nucleotide couplable to at least one signaling moiety. 
Labelmg the nucleic acid sensor molecules with first and second signaling moieties generates 
an optical signaling unit which is capable of changing its optical properties in response to the 
bmding of a target molecule tiuougfa changes in the proximity of the first and second 
signaling moieties. In one embodiment, a plurality of nucleic acid sensor molecules are 
30 provided, either m solution, or immobilized on a substrate, generating a target activated 

biosensor. In a frnther embodiment, a diagnostic system is provided which comprises at least 
one bios^isor in optical conununication with a optical signal detector. Methods of using the 
diagnostic system are also provided, as well as kits for performing the method. 

10 
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In order to more clearly and concisely describe and point out the subject matter of tbe 
claimed invention, the following definitions are provided for specific terms which are used in 
the following written description and the appended claims. 

As defined herein, a •'oligonucleotide'' is used interchangeably with the term "nucleic 
5 acid" and includes KNA or DNA sequences of more than one nucleotide m either single 
strand or double-stranded form. A ''modified oligonucleotide" includes at least one residue 
with any of: an alt^ed intemucleotide linkage(s), altered sugar(s), altered base(s), or 
combinations thereof. 

As defined herein, a **target molecule'' is any molecule to be detected. The term 
10 **target molecule" refers to any molecule for which an aptamer exists or can be generated for, 
and can be naturally occurring or artificially created. 

As defined herein, "a signature target molecule" is a target molecule whose 
expression is correlatable with a trait in an individual 

As used herein, a "diagnostic signature target molecule" is a target molecule whose 
1 5 expression is, by itself or in combination with other diagnostic signature target molecules, 
diagnostic of that trait 

As used herein, "pathway target molecules" are target molecules involved in the same 
pathway and whose accumulation and/or activity is dependent on oflier pathway target 
molecules, or whose accumulation and/or activity affects Ae accumulaticm and/or activity of 
20 ofiior pathway target molecules. 

As used herein, "signature pathway target molecules" refcars to a phirality of target 
molecules whose expression/activity! and/or structural pn^>ertie5 is diagnostic of a particular 
trait. 

As used herem, a molecule which "naturally binds to DNA or RNA" is one which is 
25 found within a cell in an organism found in nature. 

As defined herein, a "targ^ activation site" is the portion of the three-dunensional 
structure of a sequence to which a target molecule specifically binds. 

As used herein a "random sequence" or a "randomized sequence" is a segment of a 
nucleic acid having one or more regions of fiilly or partially random sequences. A fully 
30 random sequence is a sequence in which there is an approxnnately equal probabflity of each 
base (A, T, C, and G) being presoit at each position in the sequ^ice. In a partially random 
sequKices, instead of a 25% chance that an A, T, C, or G base is present at each position, 
there are unequal probabilities. 
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As defined herein, "a fixed region" is a sequence which is selected or known. 

As defined herein, "amplifying*' means any process or combination of process steps 
that increases tiiie amoimt or number of copies of a molecule or class of molecules^ 

As defined herein, a "nucleic acid sensor precursor molecule'* is a nucleic acid 
5 molecule comprising at least the portion of a sequence comprising the target activation site, 
and a catalytic site which catalyzes a chemical reaction, the catalytic site being activatable by 
binding of a target molecule to the target activation site. 

As defined herein, "a nucleic acid sensor molecule'* is a nucleic acid sensor precursor 
molecule to whidh has been added, or into which has been inserted, an optical signal 
0 generating unit 

As defined herein an "optical signal generating unit" is one or more sequences which 
change optical properties in response to a change in the confonnation of a the nucleic acid 
s^or molecule. 

As defined herein, a nucleic acid sensor precursor molecule or a nucleic acid sensor 
5 molecule which "recognizes a target molecule" is a an nucleic acid molecule which 

recognizes a target molecule with a much higher degree of affinity than it binds to non-target 
materials in a sample. The rccognidon event between the nucleic acid sensor precursor 
molecule or nucleic acid sensor molecule need not be permanent during the time in which the 
resulting allosteric modulation occurs. Thus, the recognition event can be transient with 
0 respect to the ensuing allosteric modulation (e.g., conformational change) of the nucleic acid 
precursor molecule or nucleic acid sensor molecule. 

In some onbodiments, the nucleic acid sensor molecule may bind, e.g., specifically 
bind, to a target molecule. As defined herein >"bmds specifically to a target molecule" is a an 
nucleic acid molecule which binds to a target molecule with a much higher degree of afGnity 
5 than it binds to non-target materials in a sample. The Kd of a nucleic acid sensor precursor 
molecule for its target molecule is at least about SO-fold greater than for non-target molecules 
in a sample. 

As used herein, "profiling nucleic acid sensor molecules'* are nucleic acid sensor 
molecules activatable by diagnostic target molecules. 
0 As defined herem, "patfiway nucleic acid sensor target molecules" are nucleic acid 

sensor molecules activatable by pathway target molecules. 

As defined herein, a "biosensor" comprises a plurality of nucleic acid sensor 
molecules. 

12 
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As defined herein, a "profiling biosensor" comprises a plurality of profiling nucleic 
acid sensor molecules which can be used to monitor or profile the expression of a phirality of 
different profile taiget molecules simultaneously. 

As defined herein^ "pathway profiling biosensor" comprises a plurality of pathway 1 0 
5 nucleic acid sensor molecules which can be used to monitor the expression of a plurality of 
differait pathway targ^ molecules simultaneously. 

As defined herem, an **array' or "microarray*' refers to biosensor comprising a 
plurality of nucleic acid sensor molecules on a solid substrate. 

As defined herein, a "substrate" refers to any physical supporting surfece, whether 
10 rigid, flexible, solid, porous, gel-based, or of any other material or composition. 

As defined herein, "ligation" is the formation of a covalent bond between substrate 
molecules (one of which may be the catalyst responsible for the ligation event). 

1- Generating a Target Specific Nucleic Acid Sensor Molecule 

15 

Nucleic acid sensor precursor molecules are selected whidi have a target molecule- 
sensitive catalytic activity (e.g., ligation or self-cleavage) fiom a pool of randomized 
oligonucleotides. The precursor molecules have a target activation site to which the target 
molecule specifically binds and a catalytic site for mediatmg a catalytic reaction. Bindmg of a 

20 target molecule to the target activation site triggers a conformation change and/or change m 
activity m the nucleic acid s«isor precursor molecule which activates the catalytic site. In 
one embodhnent, by modifymg (e.g., removing) at least a portion of the catalytic site and 
ooiq)ling it to an optical signal generating unit, a nucleic acid sensor molecule is generated 
whose optical properties dhange upcm bmdmg to a target molecule- In one embodhnen^ the 

25 pool of randomized oligonucleotides comprises the catalytic site of a ribozyme. 

A. Selecting Nndeic Add Sensor Precursor Molecules 
In one embodiment, a heterogmeous population of oligonucleotide molecules comprismg 
randomized sequences is screened to identify a nucleic acid sensor precursor molecule having 
30 a catalytic activity which is modified (e.g., activated) by binding of a target molecule. Each 
oligonucleotide in the population comprises a random sequence and at least one fixed 
sequence at its 5' and/or 3' end. In one embodiment the fixed sequence comprises at least a 
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portion of a catalytic site. In the embodiments shown in Figures 1 and 4, the random 
sequence is flanked at both ends with fixed sequences. 

In one embodiment, the random sequence portion of the oligonucleotide is about 15- 
70 (e.g., 30-40) nucleotides in length and can comprise ribonucleotides and/or 

5 deoxyribonucleotides. Random oligonucleotides can be synthesized from phosphodiester- 
linked nucleotides a using solid phase oligonucleotide synthesis techniques well known in the 
art (see, e.g., Froehler, et al., 1986a; 1 986b; the entirety of which are incorporated by 
reference herein). Oligonucleotides can also be synthesized \ising sohition phase methods 
such as triester synthesis methods (see, e.g., Sood, et al,, 1977, and Hirose^ et al,, 1978). 

0 Typical syntheses carried out on automated DNA synthesis equipment yield 10^^-10^^ 

molecules. Sufficiently large regions of random sequence in the sequence design imply that 
each synthesized molecule is likely to represent a unique sequmce. 

To synthesize randomized sequences, mixtures of all four nucleotides are added 
during at each nucleotide addition step during the synthesis process, allowing for random 

5 incorporation of nucleotides. In one embodiment, random oligonucleotides comprise entirely 
random sequences; however, in other embodiments , random oligonucleotide can comprise 
stretches of nonrandom or partially random sequences. Partially random sequences can be 
created by adding the four nucleotides in different molar ratios at each addition step. 
To generate oligonucleotide populations which are resistant to nucleases and 

0 hydrolysis, modified oligonucleotides can be used and can include one or more substitute 
intemucleotide linkages, altered sugars^ altered bases, or combinations thereof In one 
embodiment, oligonucleotides are provided in whidi the P(0)0 group is replaced by P(0)S 
("thioate*% P(S)S ("dithioate"), P{0)NR2 C*amidate"), P(0)R, P(0)OR% CO or CH2 
Cformacetal") or 3 '-amine (-NH-CH2-CH2-), wherein each R or R' is independently H or 

S substituted or unsubstituted alkyl. Linkage groups can be attached to adjacent nucleotide 
through an -0-linkage or through an -N-or -S- linkage. Not all linkages in the oligonucleotide 
are requbred to be identical. 

In further embodiments , the oligonucleotides comprise modified sugar groups, for 
example, comprising one or more of the hydroxyl groups replaced with halogen, aliphatic 

0 groxips, or functionalized as ethers or amines. In one embodiment, the 2'-position of die 

fiiranose residue is substituted by any of an 0-methyl, 0-alkyl, 0-ally!, S-alkyl, S-ally!, or halo 
group. Methods of synthesis of 2'-modified sugars are described in Sproat, et al., 1991; 
Gotten, et al., 1991; and Hobbs, et a!., 1973; the entirety of which are incorporated herein by 
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referaice. Tbe use of 2 '-fluoro-ribonucleotide oligomer molecules can increase the 
sensitivity of a nucleic acid sensor molecule for a target molecule by ten-to one hundred-fold 
over those generated using unsubstituted ribo- or deoxyribooligonucleotides (Pagratis, et al^ 
1997), providing additional bindmg interactions wifli a target molecule and mcreasing the 
5 stabflity of the nucleic acid sensor molecule's secondary structure(s) (Kraus, et al., 1998; 
Pieken, et al., 1991; lin, et al., 1994; Jcllinek, et al. 1995; Pagratis, et al., 1997). 

In the embodiments shown in Figures 1 and 4, the random sequence portion of the 
oligonucleotide is flanked by at least one fixed sequence v\^hich comprises a sequence shared 
by all the molecules of fte oligonucleotide population. Fixed sequences include sequences 

10 such as hybridization sites for PCR primers, promoter sequences for KNA polymerases (e.g., 
T3, T4, T7, SF6, and the like), restriction sites, or homopolymeric sequences, sudi as poly A 
or poly T tracts, catalytic ewes (described further below), sites for selective binding to 
affinity colunms, and other sequences to &cilitate cloning and/or sequencing of an 
oligonucleotide of uiteresL Li one embodimrat, tiie fixed sequence is appioxmtately 50 

15 nucleotides in length. 

In a preferred embodiment, tiie fixed sequence comprises at least a portion of a 
catalytic site of an oligonucleotide molecule (e.g., a ribo^e) capBblt of catalyzing a 
chemical reaction. Catalytic sites are well known in the art and include, e.g. a ligase site (see 
Figure 2), the catalytic sites of Groiq) I or Group n introns (see, e.g., U.S. Patent Number 

20 5,780,272), tiie catalytic core of a hanunerhead ribozyme (see, e.g., U.S. Patent 

Numbcr5,767,263 and U.S, Patent Number 5,700,923, and Figure 3, herein) or a hairpin 
ribozyme (see, e.g., U.S. Patart Number 5, 631359. Other catalytic sites are disclosed in U,S. 
Patent Number 6,063,566, Koizumi et al^ FEES Lett. 239: 285-288 (1988X Ifaseloflf and 
Gerlach, Nature 334: 585-59 (1988), Hampel and Tritz, Biochemistry 28: 4929-4933 (1989), 

25 L Uhlenbeck, Nature, 328: 596-600 (1987), and Fedor and Uhlenbeck, Proc. Nati. Acad. Sci. 
USA 87: 1668-1672 (1990)). 

Nucleic acid sensor precursors are gMerally selected in a 5 to 20 cycle procedure. In 
one embodiment, heterograieity is introduced only m flie initial selection stages and does not 
occur throu^out tiie replicating process. Figure 1 shows a schematic diagram m which the 

30 oligonucleotide population is screened for a nucleic acid sensor precursor molecule which 
comprises a target molecule activatable ligase activity. 

In this embodiment; fee ligation reaction involves covalent attachment of an 
oligonucleotide substrate to the 5*-end of the sensor precursor through formation of a 
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phosphodiester linkage. Other ligation chemistries can form the basis for selection of sensor 
precursors (e.g. oligonucleotide ligation to the 3*-end, alkylation's (Wilson & Szostak), 
peptide bond formation (Zhang & Czech), Diels-Alder reactions to couple alkmes and dienes 
(Seelig & Jaschke), etc.). For some chemistries, the chemical ftmctional groups that 
5 constitute the reactants in the ligation reaction may not naturally ^pear within nucleic acids. 
Thus, it may be necessary to synthesi2;e an RNA pool in which one of the ligation reactants is 
covalently attached to each member of the pool (e.g. attaching a primary amine to the 5*-end 
of an KNA to enable selection for peptide bond formation). 

In this embodiment, the oligonucleotide population is initially screened in a negative 
10 selection procedure to elimmate any molecules which have ligase activity even in the absence 
of target molecule binding. A solution of oligonucleotides (e.g., 100 pM) comprising a 5' and 
3* fixed sequence ("5*-fixed: random: 3'-fixed") is denatured with a 3' primer sequence ("3* 
prime**) (e.g., 200 pM) which binds to at least a portion of the 3* fixed sequence. In one 
embodiment, the 5*-fixed:random:3*-fixed sequence is 5*- 

15 GGACUUCGGUCCAGUGCUCGUGCACUAGGCCGUUCGACC-N30.50 

CUUAGACAGGAGGUUAGGUGCCUCGUGAUGUCCAGUCGC-3* (SEQ ID NO:l), 
where N represents a random sequence having 30 to 50 nucleotides and the 3' primer 
sequ«ice used is 5*-GCGACTGGACATCACGAG-3* (SEQ ID NO:2). 

Ligation buflFo: (e.g., 30 mM Tris HCI, pH 7.4, 600 mM NaCl, 1 mM EDTA, 1% NP- 

20 40, 60 mM MgCy and a tagged substrate sequencef'tag-substrate") (e.g., Tag-UGCCACIQ 
are added and the mixture is incubated for about 1 6 to about 24 hours at 25°C in the absence 
of target molecule (STEP 1). Tags ^compassed within the scope include^ e.g., radioactive 
labels, fluorescent labels, a chemically reactive species such as thiophosphate the first 
member of a binding pair comprismg a first and second binding member, each member 

25 bindable to the other (e.g., biotm, an antigen recognized by an antibody, or a tag nucleic acid 
sequence). The reaction is stopped by the addition of EDTA. Altmiatively, fte reaction can 
be terminated by removal of the substmte or addition of denaturants (e.g. urea, formamide). 

Ligated molecules are ronoved &om pool of selectable molecules (STEP 2), 
generating a population of oligonucleotides substantially free of ligated molecules (as 

30 measured by absence of the tag sequence in the solution). In the embodiment shown in Figure 
1, the tag is tbe first member of a binding pair (e.g., biotin) and the ligated molecules 
("biotin-substrate:5'-fixed3Mdom:3 *-fixed") axe physically removed fi^om the solution by 
contacting the sample to a solid support to which the second member of the binding pair is 
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bound ("5") (e.g^ streptavidin). The eluant collected comprises a population of 
oligonucleotides enriched for non-ligatcd molecules (5*-fixeda^dom:3'-fixed). It should be 
readily apparent to fliose of ordinary skill m the art that this step can be repeated muftiple 
times until the oligcmucleotide population is substantially free of molecules having target- 
5 insensitive ligase activity. 

This st&p allows for suppression of ttie ability of constitutively active molecules to be 
carried through to the next cycle of selection. Physical separation of ligated and unligated 
molecules is one mechanism by which this can be achieved. Altematively, the negative 
selection step can be configured suck Aat catalysis coverts active molecules to a form that 

10 blocks thehr ability to be eiflier retamed durmg the subsequent positive selection step or to be 
amplified for the next cycle of selection. For example, the substrate used for ligation m the 
negative selection step can be synthesized without a oqiture tag. Target-independent ligases 
coval»tly self-attach (he untagged substrate during tfie negative selection step and are then 
unable to accq>t a tagged form of the substrate provided during the positive selection step 

IS that follows. In another embodunent, the oligonucleotide substrate provided during the 
negative selection st^ has a different sequmce fi-om that provided during the positive 
selection step. When PGR is carried out using a primer complementary to the positive 
selection substrate^ cmly target-activated ligases will be capable of amplification. 

A positive selection phase follows. In this phase, more 3' primer and tagged substrate 

20 are added to the pool resulting fit)m the negative selection step. Target molecules are then 
added to fc^m a reacted solution and tiie reacted solution is incubated at 25'*C for about 2 
hours (STEP 3). Target molecules encompassed within the scope include, e.g., protems or 
portions thereof (e.g., receptors, antigen, antibodies, enzymes, growdi &ctors), peptides^ 
enzyme inhibitors, hormones, carbohydrates, polysaccharides, glycopiDtems, lipids, 

25 phospholipids, metabolites^ metal ions, cofactors, inhibitors, drugs, dyes, vitamins, nucleic 
acids, membrane structures, receptors, organelles, and vmises. Target molecules can be free 
in solution or can be part of a larger cellular structure (e.g., such as a recq>tor embedded in a 
cell membrane). In one embodiment, a target molecule is one which does not naturally bind 
to nucleic acids. 

30 In one mbodiment, nucleic acid sensor molecules are selected whidi are activated by 

target molecules comprismg molecules having an identified biological activity (e.g., a known 
enzymatic activity, receptor activity, or a known structural role); however, m anoflier 
embodiment, the biological activity of at least one of the target molecules is unknown (e.g.. 
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the target molecule is a polypeptide expressed from the open reading frame of an EST 
sequence, or is an uncharacterized polypeptide synthesized based on a predicted open reading 
frame, or is a purified or sraii-purified protein whose function is unknown). 

Although in one embodiment the target molecule does not naturally bind to nucleic 
5 acids, in another embodiment, the target molecule does bind in a sequence specific or non- 
specific manner to a nucleic acid sensor molecule. In a further embodiment, a plurality of 
target molecules binds to the nucleic acid sensor molecule. Selection for sensor precursors 
specifically responsive to a phirality of target molecules (i.e. not activated by single targets 
within the plurality) may be achieved by including at least two negative selection steps in 

1 0 which subsets of the target molecules are provided. 

In still a further embodimoit, nucleic acid sensor precursor molecules are selected 
which bind specifically to a modified target molecule but which do not bind to non-modified 
target molecules. Targeted modifications include, e.g., post-translational modifications of a 
protein, such as phosphorylation, ribosylation , methylation (Arg, Asp, N, 5, or 0-directed), 

15 prenylation (e.g., femesyl, geranylgeranyl, and the like), acetylation, acylation, allelic 

variations within a protem (e.g., single amino acid changes in a protein) and cleavage sites in 
a protein. In another embodiment, intermediates in a chemical synthesis pathway can be 
targeted, as well as starting and final products. In still a further embodiment, stereochemically 
distinct species of a molecules can be targeted. 

20 The reacted solution is enriched for ligated molecules (biotin-substrate: 5*- fixed 

:random:3 *-fixed) by removing non-tagged molecules (5' -fixed:random:3 *-fixed) fit)m the 
solution. For example, in one embodiment, the tagged substrate comprises a biotin tag and 
ligated molecules are isolated by passing the reacted solution over a solid support to which 
streptavidin (S) is bound (STEP 4). Eluant containing non-bound, non-Iigated molecules (5'- 

25 fixedatmdom:3*-fixed) is discarded and bound, ligated molecules (biotm-substrate: 5'- 

fixedn:andom:3 ^-fixed) are identified as nucleic acid sensor precursor molecules and released 
from the support by disrupting the binding pafr intmction which ^labled capture of the 
catalytically active molecules. For example, heating to 95* m the presence of 10 mM biotin 
allows release of biotin-tagged catalysts from an immobilized streptavidin support. In 

30 another embodiment, the captured catalysts remain attached to a solid support and are directly 
amplified (described below) while immobilized. In another embodiment, the captured 
catalysts remain attached to a solid support and are directly amplified (described below) 
while inunobilized. Multiple positive selection phases can be performed (STEPS 3 and 4). Jn 
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one embodiment, the stringency of each positive selection phases is increased by decreasing 
the incubation time by one half. 

Physically removing mactive species from the pool adds stringency to the selection 
process. However, to the extent that the ligation reaction mcreases the amplification potential 
5 of the active sensor precursors, this step may be omitted. In the illustrated embodiment, for 
example, ligation of an oligonucleotide to the active species provides a primer binding site 
that enables subsequent PGR amplification using an oligonucleotide complementary to the 
original substrate. Unligated species do not necessarily need to be physically separated from 
other species because they are less likely to amplify m the absence of a covalently tethered 

10 primer binding site. 

Selected nucleic acid saisor precursor molecules are amplified (or in the case of RNA 
molecules, first revorse transcribed, then amplified) using a substrate primer ("S primer") 
(e.g., 5 *-AAAAAATGCACTGGACT-3' (SEQ ID N0:3)) which specifically binds to the 
substrate sequence (STEP 5). In one embodiment, amplified molecules are further amplified 

15 wifli a nested PGR primer that regmerates a T7 promoter (*T7 PrimCT") from the 5' fixed and 
Ae substrate sequence (STEP 6). Following transcription with T7 KNA polymerase (STEP 
7), the nucleic acid sensor precursor sequence pool may be fiirther selected and amplified to 
eliminate any remaining unligated sequences (S*-fixeda:andom:3'-fixed) by repeating STEPS 
3-7. It should be obvious to those of skill in flie art that in addition to PCR, and RT-POl, any 

20 number of amplification mediods can be used (eitfaor enzymatic, chemical, or replication- 
based, e.g., sudi as by cloning), either singly, or in combination. Exemplary amplification 
mettiods are disclosed in Saikfe et al., 1985; Saiki, et al., 1988; Kwoh, et al., 1989; Joyce, 
1989; and GuateUi, et al., 1990. 

Because the 3 ' primer (3 '-prime) (see STEP 3 m Figure 1) is included in the Bgation 
25 mixture^ selected nucldc acid sensor precursor molecules may require this sequence for 
activation. In cases where this is undesirable, the 3* primer may be omitted from the mix. 
Ahematively, the final nucleic add sensor molecule can be modified by attaching the 3' 
primer via a short sequence loop or a chemical linker to the 3' end of the nucleic acid sensor 
molecule, fliereby eliminating the requirement for added primer, allowing 3* primer sequence 
30 to self-prime the molecule. 

In another embodiment as shown in Figure 4, an oligonucleotide population is 
screened for a nucleic acid sensor precursor molecule which comprises a target molecule 
activatable self-cleaving activity. In this embodhnent, the starting population of 
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oligonucleotide molecules comprises 5* and 3' fixed regions ("5'-fixed and 3' fixed A- 
3 'fixed B") and at least one of the fixed regions, in this example, 3 ' fixed, comprises a 
ribozyme catalytic core including a self cleavage site (the junction between 3* fixed A-3 
'fixed B). In one embodiment, the 5'-fixed: random:3' fixed A-3'-fixed B molecule is 

5 GGGCGACCCUGAUGAGCCUGG-N20U50- 

UUAGACGAAACGGUGAAAGCCGUAGGUUGCCC (SEQ ID N0:4), where N20.50 is a 
random sequence of 20-50 nucleotides. 

The population of oligonucleotide molecules comprising random olignonucleotides 
flanked by fixed 5* and 3' sequences (5*-fixed:random:3*-fixed A: 3' fixed B) are negatively 

0 selected to remove oligonucleotides which self-cleave (i.e., 5 *-fixed:random:3 '-flxed-A 
molecules) even in Ihe absence of target molecules. The oligonucleotide pool is incubated in 
reaction buffer (e.g., 50 mM Tris HCl, pH 7.5, 20 mM MgC12) for 5 hours at 25°C, 
punctuated at one hour intervals by incubation at 60^C for one minutes (STEP 1). In one 
embodiment, the uncleaved fraction of the oligonucleotide population (containing 5'*fixed 

5 and 3' fixed A-3'-flxed B molecules) is purified by denaturing 10% polyacrjlamide gel 
electrophoresis (PAGE) (STEP 2). Target molecule dependent cleavage activity is then 
selected in the presence of target molecules in the presence of reaction bulSer by incubation at 
23''C for about 30 seconds to about five minutes (STEP 3). Cleaved molecules (5*- 
fixed:random:3'fixed-A molecules) are identified as nucleic acid sensor precursor molecules 

0 and are purified by PAGE (STEP 4). 

Amplification of the cleaved molecule is performed using primers which specifically 
10 bmd the 5'-fixed and the 3'-fixed A sequences, regenerating the T7 promoter and the 3'- 
fixed B site (STEP 5), and the molecule is foifhcr amplified fiirflier by RNA transcription 
using T7 polymerase (STEP 6). In one embodiment, the process (STEPS 1-6) is repeated 

S until the nucleic acid sensor precursor population is reduced to about one to five unique 
sequences. 

Alternative methods for separating cleaved fi-om uncleaved RNAs can be used. Tags 
can be attached to the 3*-fixed B sequence and separation can be based upon separating 
tagged sequences fi-om non-tagged sequences at STEP 4. Chromatographic procedures that 
0 separate molecules on the basis of size (e.g. gel filtration) can be used in place of 
electrophoresis. One end of each molecule in the RNA pool can be attached to a solid 
support and catalytically active molecules isolated upon release from the support as a result 
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of cleavage. Ahemate catalytic cores may be used. These alternate catalytic cores and 
methods using these cores are also are encompassed within the scope of the invention. 

Nucleic add sensor precursors which combine both cleavage and ligase activities in a 
single molecule can be isolated by using one or a combination of both of the selection 
5 strategies outlined independently above for ligases and endonucleases. For example, the 
hairpin ribozyme is known to catalyze cleavage followed by ligation of a second 
oligonucleotide substrate (Berzal-Herranz et aL). Target activated sensor precursors based on 
fihe hairpin activity can be isolated from a pool of randomized sequence RNAs prepared as 
described previously with a sequence of the fom 5'- 

10 GGAGTTACCTAACAAGAAACAGNgaagtcaaccagNgaaacNCACGGAGACGTGNNaNatt^ 
Nctggt(N2(r 

N5o)GGACCTACTGAGCTGACAGTCCTGTTTGATGCATACCGAGTAAGTG-3' where 
N indicates any nucleotide, lower case letters represent doped nucleotides, and uppercase 
letters represent fixed nucleotides. Hairpin-based s^isor precursors can be isolated on the 

IS basis of effector-dependent release of the fragment 

GUCCUGUUUGAUGCAUACCGAGUAAGUG-3' in the same way that hammerhead-based 
SOTSor precursors are isolated (e.g. eflfector-dependent increase in electrophoretic mobility or 
effector-dependmt release from a solid support). Ahematively, sensor precuisors can be 
selected on the basis of their ability to substitute the 3*-sequence released upon cleavage for 

20 another sequence as described in an efGxtcnr-indepmdent manner by Beizal-Her^ la 
this scheme, the original 3'-end of the ribozyme is released m an initial cleavage event and an 
exogenously provided oligonucleotide substrate with a free 5'-hydroxjd is ligaled back cm. 
The newly attached 3'-end provides a primer bmdmg site that can fonn the basis for 
preferential amplification of catalytically active molecules. Constitutively active molecules 

25 that are not activated by a provided effector can be removed from the pool by (1) separating 
away molecules that exhibit increased electrophoretic mobility (in the absence of an 
exogenous oligonucleotide substrate) in flie absence of target or (2) capturing molecules that 
acqmre an exogenous oligonucleotide substrate (e.g. using a 3*-4}iotmylated substrate and 
csqptured re-ligated species on an avidin column. 

30 Like the haupin ribozyme, the group I intron self-splicmg ribozymes combines 

cleavage and ligation activities to promote ligation of the exons that flank it hi the first step 
of group I mtron-catalyzed splicing, an exogenous guanosine cofactor attacks the 5'-splice 
site. As a result of an intron-mediated phosphodiester exchange reaction, the S'-^xon is 
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released coiBcident with attachment of the guanosine cofactor to the ribozyme. In a second 
chemical step, the S'-hydroxyl at the end of flie 5'-exon attacks the phosphodiester linkage 
between the intron and fte 3*-exon, leading to ligation of the two exons and release of the 
intron. Group I intron-derived ribozymes can be isolated from degenerate sequence pools by 
5 selecting molecules on the basis of either one or both chemical steps, operating in either a 
forward or reverse direction. Effector-dependent ribozymes witii potential utility as sensor 
precursors can be isolated by specifically enriching those molecules that fail to promote 
catalysis in the absence of effector but which are catalytically active in its presence. Specific 
examples of selection schemes follow. In each case, a pool of RNAs related in sequence to a 

10 representative group I intron (e.g. the Tetohymena thermophila pre-rRNA intron or the 

phage T4 td intron) serves as the starting pomt for selection. Random sequence regions can 
be embedded within the intron at sites known to be important for proper foldmg and activify 
(e.g. substitutmg the PSabc domain of the Tetrahymena intron, Williams et a].). 
First step, forward direction 

15 The intron is synthesized with a short 5*-exon. In the negative selection step, a 

guanosine cofactor is provided and constitutively active molecules undergo splicing. In the 
^ ] positive selection step, the sensor target is provided together with thio-GMP. Ribozymes 

responsive to the target undergo activated splicing and as a result acquire a unique 
thiophosphate at their 5'4OTnini. Thio-tagged ribozymes can be sq>arated from untagged 

20 ribozymes by their specific retention on mercuty gels or activated thiol agarose columns. 

First step, reverse direction 

The method is p^onned as described in Green & Szostak. An intron is synthesized 
with a 5*-guanosine and no S'-exon. An oligonucleotide substrate complementary to the S'- 

25 internal guide sequrace is provided during the negative selection step and constitutively 
active molecules ligate &e substrate to their 5'-ends^ releasing the original terminal 
guanosine. A second oligonucleotide substrate with a different 5'-sequence is provided 
together wifh target in the positive selection step. Ribozymes specifically activated by the 
target ligate the second oligonucleotide substrate to their 5*-aids. PGR amplification using a 

30 primer conesponding to the second substrate can be carried out to preferentially amplify 
target sensor precursors. 



Second step, reverse direction 
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The method is perfonned as described m Robertson & Joyce* The intron is 
synthesized with no flanking exons. During the negative selection step, pool RNAs aie 
incubated together vnJth a diort oligonucleotide substrate under conditions which allow 
catalysis to proceed. During the positive selection step, a second oligonucleotide substrate 
5 wifli a dififerent 3'-sequence is provided togeAer with the sensor target Target-dependent 
ribozymes are activated and catalyze ligation of the 3*-end of the second substrate. Reverse 
transcription carried out using a primer ccMnplementary to die 3'-end of the second substrate 
specifically selects targrt activated ribozymes for subsequent amplification. 

10 Once nucleic acid sensor molecules are idoitified, they can be isolated, cloned, 

sequenced, and/or resyntfaesized usmg natural or modified nucleotides. Accordmgly, 
synthesis mtennediates of nucleic acid sensor molecules are also encompassed within the 
scope, as are replicatable sequences (e.g., plasmids) comprising nucleic acid sensor precursor 
molecules and nucleic acid sensor molecules. 

15 

B- Converting a Nnddc Acid Sensor Precursor Molecule to a 
Nucleic Acid Sensor Mblecnie 

The nucleic acid sensor precursor molecules identified above comprise a target 
20 activation site to which a target molecule specifically binds and a catalytic site, hi general, 
the target activation site is defined by the muumum number of nucleotides necessary to «eatc 
a three-dim«sional structure to which a target molecule specifically can bmd, i.e^ 
preferoitial binding to the target molecule in a sohition comprismg both targA and non-target 
molecules* In one embodiment the specificity of bindmg can be defined in terais of Kdo The 
25 Kd value can be detennined directly by well-known methods (see^ e.g., Caceci, et al., 1984). 
Alternatively, a competitive bindmg assay fi)r the target molecule can be conducted with 
respec* to control substances known to bmd the target molecule. The value of the 
concentration at which 50% fahibition occurs (Ka) is, mdesr ideal conditions, equivalent to 
and sets a maximal value for die value of Kd (see, e.g., U.S. Patent Number 5,756,291). 
30 In one embodhnent, the Kj for the nucleic acid sensor precursor molecule with respect 

to the targrt molecule is 50-fbId, eg. 50-500 fold, or even 500-1,000,000 fold less flian the Kj 
of non-target materials m a sample. 
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In the examples described above, the catalytic site is a known sequence (a ligase site 
or a hammerhead catalytic core) and is at least a portion of either the 5* and/or 3' fixed region 
(the other portion being supplied by the random sequence), or is a complete catalytic site. 
However, in oth«r embodiments, the catalytic site may be selected along with the target 
5 binding activity of oligonucleotides within the oligonucleotide pool. 

In one ^bodimen^ in order to convert an identified nucleic acid sensor precursor 
molecule into a nucleic acid sensor molecule, at least a portion of the catalytic site is 
modified (e.g., deleted). In one embodiment, the deletion enhances the conformational 
stability of the nucleic acid sensor molecule in either tiie bound or unboimd forms. In one 

10 embodiment, shown in Figures 6 A and B, deletion of the entire catalytic domain of the 

nucleic acid precursor molecule shown in Figures 5 A and B is shown to stabilize the unbound 
form of the nucleic acid sensor molecule. In another embodiment, the deletion may be chosoi 
so as to take advantage of the inherent finorescence-quendiing properties of unpaired 
guanosine (G) residues (Walter, N.G. and Burke, JM., ''Real-time monitoring of hairpm 

1 5 ribozyme kmetics through base-specific quenching of fiuorescein-labeled substrates**, KNA 
3:392 (1997).) 

In another embodiment, the ligand binding domain sequence fix)m a previously 
identified nucleic acid sensor precursor molecule is incorporated into an oligonucleotide 
sequence that changes conformation (e.g., fi*om a duplexed hairpin to a G-quadruplex) upon 

20 target bmding. Nucleic acid sensor molecules of this type can be derived fi-om allosteric 

ribozymes, such as diose derived 6om the hammerhead, hairpin, LI ligase, or groiq) 1 intron 
ribozymes and the like, or may be derived firom aptamer beacons or signaling aptamers, aU of 
which transduce molecular recognition into a detectable signal. For example, 3*,5'-cyclic 
nucleotide monophosphate(cNMP)-dependent hammerhead ribozymes were reengineered 

25 into (RNA) nucleic acid sensor molecules which specifically bound to cNMP (Garretta et al^ 
2001). The catalytic cores for hammerhead ribozymes were removed and replaced with 5- 
base duplex forming sequences. The bindrag of these reengineered RNA sensor molecules to 
c-NMP was then confirmed experimentally. By adjustfaig the duplex lengdi, they can be 
redesigned to undergo significant conformational changes. The conformational changes can 

30 be coupled to detection via FRET or simply changes in fluorescence intensity (as in the case 
of a molecular beacon). For example, by addmg an appropriate probe on the each end of the 
duplex, the stabilization of duplex by target binding can be monitored with the change in 
fluorescence. 
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la a particular embodiment, the nucleic acid sensor molecules are made of single 
stranded DNA with the following sequence: 5'-CCAACGGTTGGTGTGGTTGG-3* (SEp ID 
N0:5), as shown in Figure 9 (see Hamaguchi, et al, 2001). In addition, a fluorescein-based 
fluorescent label (FANQ is attached to theS* tominus, either at the time of synthesis, or 

5 afterwanL Similarly, a quenchmg moiety (DABCYL) is attached to the 3* end of the nucleic 
acid sensor molecule. The final configuration of the nucleic acid sensor molecule is: 5'-FAM- 
CCAACGGTTGGTGTGGTTGG-DABCYI^S' (SEQ IDN0:6). This particular sequence 
was designed to specifically bind to thrombm via the formation of a G-quadruplex. In the 
unbound state (see Figure 9A), the nucleic acid sensor molecule forms a stem-loop 

0 conformation with duplex formation along the stem due to the complementarity of the 

nucleotides at the 3'and 5' ends of the molecule. In the presence of the target (here thrombin), 
fti& nucldc add sensor molecule forms the ligand-binding G-quadruplex structure (see Figure 
9B). This conformational rearrangement results in a diange in the distance between the 
fluorophore attached to the 5* md and the quencher attached to the 3' end. With the quencher 

5 spatially removed from the immediate vicinity of tiie fluorophore, the detected fluorescence 
emission intensity Srom tiie fluon^hore increases sharply* 

Whiie the above e9q>erimental example is performed in solution and utilizes a cuvette- 
based fluorescence spectrometer, in alternative embodiments tfie methods are performed in . 
microwell muttiplate readers (e.g., the Packard Fusion, or the Tecan Ultra) for hig^- 

0 Ihrouglqput soluticm |diase measurements. 

In anoflier embodiment, a nucleic acid sensor molecule is bound to a sur&ce by a 
linker s^adied to one end of the moleoile. In a particular embodiment, depicted in Figure 
IDA, the previously described (see Hamagudii^ et al. Anal. Biochem. 294, 126 (2001).) 
tfarombin-binding sensor molecule is S' modified to include a 12-carbon atom linker 

5 terminated with an amino group, as well as a 3'-attached fhiorescein-based fluorophore 

(FAM): 5^NH2<:i2-DABCYL-CCAACGGTTGGTGTGGTTGG-FAM-3' (SEQ ID NO:7). 
This free amine group allows the sensor molecule to be attached to an alddiyde-^erivatized 
glass sur&ce via standard protocols for Schiff base formation and reduction. The nucleic acid 
sensor molecules can be bound in discrete regions or spots to form an array, or uniformly 

0 distributed to cover an extended area. In tiie absoace of target (heit thrombin), the nucleic 
acid sensor molecule forms a stem-loop conformation witii duplex formation along tiie stem 
due to the complementarity of the nucleotides at the 3'and S' ends of the molecule. In the 
presence of the target, the nucleic acid sensor molecule forms the ligand-binding G- 
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quadruplex structure. This conformational rearrangement results in a change in the distance 
between the fluorophore attached to the 5 ' end and the quencher attached to the 3' end. With 
the quencher separated from the fluorophore, the detected fluorescence emission intensity 
from the fluorophore increases sharply. The detected increase in fluorescence intensity with 

S target concentration can be used to detect and quantify the amount of target present in a 
sample solution introduced onto Ae surfiice. A sample solution could be laterally confined 
about the sensor surface by a coverslip, mi^owell, mcubation chamber seal, or flowcell. 

In one embodiment, after deletion of at least a portion of the catalytic site from a 
nucleic acid sensor precursor molecule, an optical signaling unit is either added to, or inserted 

0 within, the nucleic sensor molecule, generating a sensor molecule whose optical properties 
can change in response to binding to the target molecule. In one embodiment, fhc optical 
signaling unit is added by exposing at least a 5' or 3' nucleotide that was not previously 
exposed. The S' nucleotide or a S' subterminal nucleotide (e.g., an internal nucleotide) of the 
molecule is couplable to a first signaling moiety while the 3' nucleotide or 3' subtemiinal 

S nucleotide is couplable to a second signaling moiety. Target binding to the nucleic acid 
sensor molecule alters the proximity of tiie 5* and 3* nucleotide (or subtermmal nucleotides) 
with respect to each other, and when the first and second signaling moieties are coupled to 
their respective nucleotides, tills change in proximity results in a target sensitive change in 
the optical properties of the nucleic acid sensor molecule. 

0 Detection of changes in the optical properties of the nucleic acid sensor molecule can 

th^efore be correlated with the presence and/or quantity of a target molecule in a sample. 
However, in some embodiments , it may be desirable to retain the catalytic properties of the 
molecule. In this embodiment, first and second signaling moieties are coupled to the 5' 
terminal or subterminal sequences, and 3 '-terminal and subterminal sequences respectively, 

S of the molecule. Signaling molecules can be coupled to nucleotides which are already part of 
the nucleic acid sensor molecule or may be coupled to nucleotides which are inserted into the 
nucleic acid sensor molecule, or can be added to a nucleic acid sensor molecule as it is 
synthesized. Coupling chemistries to attach signaling molecules are well known in the art 
(see, for example. The Molecular Probes Handbook, R. Haughland). Suitable chemistries 

0 include, e.g., derivatization of the S-position of pyrimidine bases (e.g. using 5*-amino allyl 
precursors), derivatization of the 5*-end (e.g. phosphoroamidites that add a primary amine to 
the 5*-end of chemically-synthesized oUgonucleotide) or the 3*-end (e.g. periodate treatment 
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of RNA to convert the 3'-ribose into a dialdehyde which can subsequently react with 
hydrazide-bearing signaling molecules). 

In another embodiment, a single signaling moiety is either added to, or inserted 
within, the nucleic sensor molecule. In this embodiment, binding of the target molecule 
5 results in changes in both the conformation and physical aspect (e.g., molecular volume, and 
flius rotational dififosion rate, etc.) of the nucleic acid sensor molecule. Conformational 
changes in Ae nucleic acid sensor molecule upon target binding will modify the chemical 
environment of tfie signaling moiety, while changes in the physical aspect of the nucleic acid 
sensor molecule wfll alter the kmetic properties of the signaling moiety. In both cases, the 

10 result will be a detectable change in the optical properties of the nucleic acid sensor molecule. 
In the embodiment shown in Figures 9A and B, the nucleic acid soisor molecule is 
prepared without Ae quencher group. The resulting molecule will have flie sequaice: 5 
l«I2<;i2<;CAACGGTTGGTGTGGTTGG-FAM-3' (SEQ IDN0:8). This free amme group 
allows flie sensor molecule to be attached to an aldehyd&^Ierivatized glass surface via 

1 5 standard protocols for Schiff base formation and reduction. The nucleic acid sensor 

molecules can be bound in discrete regions or spots to form an array, or uniformly distributed 
to cover an extended area. In tiie absrace of target (here thrombin), the nucleic acid sgdsot 
molecule will difiusionally rotate about its point of attachment to the surface at a rate 
characteristic of its molecular volume and mass. After target binding; the sensor-target 

20 complex will have a correspondingly larger volume and mass (thrombm mass --55 kD). This 
change in molecular vohune (mass) will slow fee rate of rotational diffusion, and result m a 
measurable change m the polarization state of fee fluorescence emission fiom fee 
fluorophore. 

In one example of feis embodim^t of fee invention, a single signaling moiety is 
25 attached to a portion of a ribozyme that is released as a result of catalysis (e.g. eifeer end of a 
self-cleaving ribozyme or fee pyrophosphate at fee S^-end of a ligase). Target-activated 
catalysis leads to release of fee signalmg moiety from the ribozyme to generate a signal 
conrelated wife fee presence of fee target Release can be detected by either (1) changes in 
fee intrinsic optical properties of fee signaling moiety (e.g. decreased fluorescence 
30 polarization as fee released moiety is able to tumble more freely m solution), or (2) dianges 
in fee partitionmg of the signaling moiety (e.g. release of a fluorophore from a chip 
containmg immobilized ribozymes such feat fee total fluorescence of fee chip is reduced 
following washing). 
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In another embodiment of the mvention, the nucleic acid sensor precursor is 
unmodified and the optical signaling unit is provided as a substrate for the ribozyme. One 
example of this embodiment includes a fluoresc«itly tagged oligonucleotide which can be 
joined to a ribozyme with ligase activity. In a het^ogeneous assay using the ligase as a 
5 sensor molecule, analyte-containing samples are incubated with the fluoresce 

oligonucleotide substrate and the ligase under conditions that allow the ligase to function. 
Following an incubation period, the ligase is separated from free oligonucleotide substrate 
(e.g. by capturing Ugases onto a solid support on the basis of hybridization to ligase-specific 
sequaices or by pre-inmiobilizing the ligases on a solid support and washmg extensively). 

10 Quantitation of the captured fluorescence signal provides a means for inferring the 

concentration of analyte in the sample. In a second example of this embodiment, ribozyme 
activity alters the fluorescence properties of a substrate without leading to its own 
modification. Fluorophore pairs or fluorophore/quencher pairs can be attached to 
nucleotides flanking eith^ side of the cleavage site of an oligonucleotide substrate for a 

1 5 trans-acting endonuclease ribozyme (Jenne et al.). Target activated cleavage of ttie substrate 
leads to separation of the pair and a change in its optical properties. 

In another embodiment of the mvemtion, the sensor ribozyme and its substrates are 
unmodified and detection relies on catalytically-coupled changes m the ability of the 
ribozyme to be aizymatically amplified. In one example, a target-activated ligase is 

20 incubated together witii oligonucleotide substrate and an analyte-containing sample imder 
conditions which allow the ligase to fimction. Following an incubation period, the reaction is 
- quendied and the mixture subjected to RT/PCR amplification using a primer pair that 
includes the oligo sequence corresponding to the ligation substrate. Amplification products 
can be detected by a variety of generally practiced methods (e.g. Taqman). Only those 

25 ribozymes that have seU-ligated an oligonucleotide substrate are capable of amplification 
under these conditions and will generate a signal that can be coupled to the concentration of 
the sensor target 

Conformation Dependent Signaling Moieties 

30 

L Proximitv Dependent Signaling Moieties 
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Many proximity dependent signaling moieties are known in the art and are 
encompassed within flie scope of the present invention (see, e.g., Morrison, 1992, in 
Nonisotopic DNA Probe Techniques, Kricka, ed.. Academic Press, Inc., San Diego, Calif., 
chapter 13; and Hell^ and Morrison, 1985, m Rapid Detection and Identification of 
5 hifectious Agents, Academic Press, Inc., San Diego, Calif, pages 245-256), all incorporated 
herein by reference. Systems using these moieties rely on the change in fluorescence that 
occurs y/hcn the moieties are brought into close proximity. Such systems are described in the 
literature as fluorescmce energy transfer (FET), fluorescence resonance energy transfer 
(FRET), nonradiative mergy transfer, long-range energy transfer, dipole*coupled energy 
10 transfer, or Forst^ enargy transfer (see, e.g., U.S. Patent Number 5,491,063, Wu, and Brand, 
1994). 

Other proximity-dependent signaling systems that do not rely on direct energy 
transfer b^ween signaling moieties are also known in the art and can be used in the methods 
described herein. These include, e.g., systems in which a signaling moiety is stimulated to 

1 5 fluoresce or luminesce upon activation by target molecule bindmg. This activation may be 
direct (e.g^ as in &e case of sur&ce proximity assays (SPA), via a photon or radionuclide 
decay product eanitted by the bound target), or indirect (e.g., as m the case of AlphaScreen™ 
assays, via reaction witfi singlet oxygen released fix>m a photosrasitized donor bead upon 
illumhiation). hi both scenarios, the activation of detected signaling moiety is dq>endent on 

20 close proximity of Hue signaling moiety and the activatmg species. In graeral, for both 

fluorescence, fluorescence polarization, and scintillation-proximity-type assays, the nucleic 
- add s»sor molecule may be utilized in ei&er solution-phase or solid-i^iase formats. That is, 
in functional form, the nucleic acid sensor molecule may be tefliered (directly, or via a linker) 
to .a solid support or free in solution. 

25 In one embodiment, a scintillation proxunity assay (SPA) is used. In this embodiment, 

the nucleic acid smsor molecules are allostmc ribozymes which ligate a substrate in the 
presence of a target molecule (see Figures 2A and B) are bound to a scintillant-impregnated 
microwell plate (e.g., FlashPlates, NEN Life Sciences Products , Boston, MA) coated whh, 
for example, str^vidin via a (biotin) linkar attached to the 5' aid of the effector 

30 oligonucleotide sequcaice (for example, GCGACTGGACATCACGAG (SEQ ID NO:2) m 
Figin^ 2A). The various plate-sensor coupling diemistries are determined by die type and 
manu£icturer of the plates, and are well-kno\m m the art Upon the addition of a solution 
contammg target molecule and excess radiolabeled (e.g., with 32p or 35s) substrate in 
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ligation buffer, the ribozymes hybridize and ligate the substrate oligonucleotide. Some 
fraction of the radiolabeled substrate will be ligated to surface-immobilized ribozyme sensor 
molecules on the plate, wlule unligated substrate will be free in solution. Only those 
substrates ligated to surface-immobilized ribozyme sensor molecules on the plate will be m 
close enough proximity to the scintillant molecules ^bedded in the plate to excite them, 
thereby stimulating luminescence which can be easily detected using a luminometer (e.g., the 
TopCount luminescence plate reader, Packard Biosciences, Meriden, CT). This type of 
homogeneous assay format provides straightforward, real-time detection, quantification, and 
kinetic properties of target molecule binding. 

In another embodiment, a similar SPA assay format is perfonned using scintillant-^ 
impregnated beads (e.g., Amersham Pharmacia Biotech, Inc., Piscataway, NJ). In this 
embodiment, the allosteric ribozyme sensor molecules which ligate a substrate in tiie 
presence of a target molecule (see Figures 2A and B) are coupled to scintillant-impregnated 
beads which are suspended in solution in, for example, a microwell plate. The various bead- 
sensor coupling chemistries are detennined by tiie type and manufacturer of the beads, and 
are well-known in the art. Upon the addition of a solution containing target molecule and 
excess radiolabeled (e.g., with 32p or 35s) substrate in ligation buffer, the ribozymes 
hybridize and ligate the substrate oligo. Some fraction of the radiolabeled substrate will be 
ligated to surface-immobilized ribozyme sensor molecules on the beads, while unligated 
substrate will be free in solution. Only those substrates ligated to surface-immobilized 
ribozyme sensor molecules on the beads will be in close enough proximity to the scintillant 
molecules embedded in tihe beads to excite th^, Hhemhy stimulating luminescence which 
can be easily detected using a luminometer (e.g., the TopCount Ixmiinescence plate reader, 
Packard Biosciences, Meriden, CT). In'Eddition to enabling real-time target detection and 
quantification, this type of homogeneous assay format can be used to mvestigate cellular 
processes in situ in real time. This could be done by culturing cells directly onto a microwell 
plate and allowing uptake of scintillant beads and radioisotope by cells. Biosynthesis, 
proliferation, drug uptake, cell motUity, etc. can then be monitored via the luminescence 
signal generated by beads in presence of selected target molecules (see Cook et al.,1992, or 
Heath etal., 1992). 

Figures 12A and B show an exemplary embodiment of a non-isotopic proximity assay 
based on nucleic acid sensor molecules used in conjunction with AlphaScreai™ beads 
(Packard Biosciences, Meriden, CT). In this embodiment, the nucleic acid sensor molecules 

30 



wo 02^2882 



PCTAJSOl/28835 



are allosteric ribozymes which ligate a substrate in the presence of a target molecule (see 
Figures 2A and B) are bound to a chemiluminescer-impregnated accq)tor bead coated with 
4br example, streptavidm via a (biotin) Imker attached to the 5' end of the efifector 
oligonucleotide sequence (GCQACrGGACATCACGAG (SEQ ID N0:2) in Figure 2A). The 
5 various bead-sensor coi^ling ch^istries are determmed by the type and manufacturer of the 
beads, and are well-known in the art. The substrate oligo is coupled to a photosensitizer- 
impregnated donor bead coated with , for example, streptavidin via a (biotin) tag attached to 
die 3* end of the substrate. The donor (substrate) and acceptor (ribozyme) beads and target 
molecules are tihien combined in solution in a microwell plate, some of the ribozymes 

10 hybridize and Ugate the substrate oligo, bringing the donor and acceptor beads into close 
proximity (< 200 nm). Upon iUumination at 680 nm, the photosensitizer in the donor bead 
converts ambient oxygen into the singlet state at a rate of ^proxunately 60,000/second per 
bead* The singlet oxygen will difilise a maximum distance of £?)pn>xmiately 200 nm in 
solution; if an accq>tor bead containing chemilummesc^ is wifliin this range, Le., if ligation 

1 5 has occurred in the presence of the target molecule, chemiluminescence at 370 nm is 
generated. This radiation is immediately converted withm the acceptor bead to visible 
luminescence at 520-620 mn with a decay half-life of 0 J sec. The visible luminescence at 
520-620 nm is detected using a time-resolved fluorescence/lummescence platereader (e.g., 
flie Fusion multifimcion plate reader, Pacl^ Biosciences, Meriden, CT). ). This type of 

20 nonisotopic homogeneous proxhnity assay format provides highly sensitive, detection and 
quantification of target molecule concentrations in volumes < 25 microliters tot high 
tiiroughput screenmg (see Beaudet et aL,2001). 

Suitable fluoxescait labels are known in the art and commeraally available fi^m, for 
example, Molecular Probes (Eugene, Qreg.). These mclude, e.g. donor/ accq>tor (i.e., first 

25 and second signaling moieties) molecules such as: fluorescein isofbiocyanate 

CFITC)/tetramethylrhodamine isofbiocyanate (TRITC), HTC/Iexas Red TM Molecular 
Probes), FTICTN-hydroxysuccmnnidyl 1 -pyrenebutyrate (PYB), FITC/eosin isothiocyanate 
(EITC), N-hydroxysuccuuridyl 1- pyraiesulfonate (PYS>lTrC, FTTC/Rhodamine X (ROJ^, 
FTTC/tetramethyhhodamine (TAMRA), and otiiers. In addition to tiie organic fluorophores 

30 aheady mentioned, various types of nonorganic fluorescent labels are known m the art and 
are commercially available fixan, fijr example Quantum Dot Corporation, Inc., Hayward 
CA). These include, e.g., donor/ acceptor (i.c., first and second signaling moieties) 
semiconductor nanocrystals (i.e., 'quantum dots') whose absorption and emission spectra can 
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be precisely controlled tbrough the selection of nanoparticle material, size, and composition 
(see, for example, Bruchez et al., 1998, Chan and Nie, 1998, Han et al., 2001). 

The selection of a particular donor/acceptor pair is not critical to practicmg the 
invention provided that energy can be transferred between the donor and the acceptor. P- 
5 (dimethyl aminophenylazo) benzoic acid (DABCYL) is one example of a non-fluorescent 
acceptor dye which effectively quenches fluorescence fit>m an adjacent fluorophore, e.g., 
fluorescein or 5-(2* -aminoethyl) aminonaphdialene (EDANS). 

Figures 3A and B and 6 A and B show exemplary nucleic acid sensor molecules 
derived fixmi nucleic acid precursor molecules (Figures 2A and B and 5A and B, 
10 respectively), according to embodiments . Figure 3 shows a nucleic acid sensor molecule 
obtained from an oligonucleotide pool in which tixc catalytic site was a ligase site. Figure 6 
shows a nucleic acid sensor molecule obtained from an oligonucleotide pool in which the 
catalytic site was a site mediating self-cleavage. 

In the embodiment shown in Figures 3A and B, a nucleic acid sensor precursor molecule 

15 from which a portion of a ligase site (e.g., the AGUCG sequence at the 3' end of the nucleic 
acid sensor precursor molecule, as shown in Figure 2) has been removed is coupled to a first 
signaling moiety (F) at a first nucleotide (1) and to a second signaling moiety (D) at a second 
nucleotide (2). In a further embodiment, the first and second signalmg moieties molecules are 
attached to non-terminal sequences. The position of the non-terminal sequences coupled to 

20 signaling moieties is limited to a maxunal distance from the or 3' nucleotide which still 
permits proximity dependent changes in the optical propeities of the molecule. Coupling 
chemistries are routinely practiced in the art, and oligonucleotide synthesis services provided 
commorially (e.g., Integrated DNA Technologies, Coralville, lA) can also be used to 
generate labeled molecules. In a further embodiment, the nucleic acid sensor molecule is 

25 used, either tethered to a solid support or free in solution, to detect the presence and 
concentration of target molecules in a complex biological fluid. 

In flie embodimrat shown in Figures 3A and B, tiie first signaling moiety (F) is a 
fluorescein molecule coupled to the S' end and the second signaling molecule (D) is a 
DABCYL molecule (a quenching group) coupled to the 3' aid. Because of the nearly 

30 complete base pairing of the non-target molecule bound form (see Figure 3B), this is the 

&vored form of the nucleic acid soisor molecule in the absence of the target molecule. When 
the nucleic acid sensor molecule is not bound by target molecule, the fluorescent group and 
the quenching group are in close proximity and little fluorescence is detectable from the 

32 



wo 02/22882 



PCT/DSOl/28835 



fluorescent ffoup. Addition of target molecule causes a change in the conformation of the 
nucleic acid sensor molecule shown in Figure 3B to that shown m Figure 3A. When the 
molecule assumes the conformation shown in Figure 3 A, Ae first and second signaling 
moieties (F and D, respectively) are no longer in sufGcient proxunity for the cjuenchmg group 
5 to quench flie fluorescence of the fluorescent group» resulting in a detectable fluorescent 
signal being produced vpon binding of the target molecule. 

In one CTibodhnent, the ligand-binding domain sequence from a previously identified 
nucldc acid sensor molecule is incorporated into a separate oligonucleotide sequence which 
changes conformation upon target binding, as shown m Figures 91A and B, and Figures 6A 

10 and B. During or after syndesis, an optical signal generating unit is either added or inserted 
into tile oli^nucleotide sequ»ce comprising tiie derived nucleic acid sensor molecule. As 
noted previously, nucleic acid s^isor molecules of this type can be derived from allosteric 
ribozymes, such as those derived from the hanunerhead, hairpm, LI ligase, or group 1 intion 
ribozymes and the like, or may be derived fix>m ^tamer beacons or signaling aptamers (see 

15 Sou]aq> et al., 2001, or Hamagudii et al.» 2001), all of which transduce molecular 
recognition into a detectable optical signal. 

In the embodiment shown in Figures 9A and B, the nucleic acid sensor molecules are 
comprised of single stranded DNA, with the following, sequence: 5'- 
CCAACGGTTGGTGTGGTTGG-3' (SEQ ID NO:8). The first signalmg moiety is a 

20 fluorescein-based label (FAM) attached to tiie 5* termmus, and the second signaling moiely is 
a quendung group PABCYL) attadbed to the 3' end. The final configuration of the nucleic 
adisensor molecule is: 5'4JAM.CCAACGGTTGGTGTGGTTGG-DAB(m/.3\ fethe 
unbound state, the nucleic acid sensor molecule forms a doplex stem-loop. In the presence of 
the target ^lere thrombin), the sensor molecule assumes fee G-quadruplex structure. This 

25 conformational reairangemmt results in a change in the distance between the S'^-attached 
fluorophoreendandthe 3'-attached quencher. Wifli the quencher separated from tiie 
fluorophore by a distance greater than the Forster radius (radius for 50% resonance energy 
transfer, typically -10-50 Angstroms), the detected fluorescence emission mtMsity from the 
fluorophore increases sharply, as shown in Figure 9C. At saturating concentrations of target 

30 molecule, the mcarcase m fluorescence mtensity from the sensor molecule was approxunately 
2.5-fold (see Hamaguchi, et a], 2001). 

hi the embodunent shown in Figure lOA and B, a fluorescently labeled self-cleavmg 
ribozryme such as the hamm^head (in this case attached to a solid support via a linker 
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molecule) in the unbound state is hybridized with a transacting substrate which bears a 
second fluorescent label. In the unbound stat^ i,e^ in the abs^ice of target, the donor 
fluorophore (on the ribozyme) and the acceptor flnorophore (on the substrate) are in 
sufBciently close proximity for FRET to occur; thus, minimal fluorescent emission is 

5 detected from the donor fluorophore at wavelength 2, X2, upon epi-illumnation excitation at 
wavelength I, XI ► Upon target binding, the cleavage fragment of the substrate bearing the 
acceptor fluorophore dissociates from the ribozyme-target complex. Once separated fit)m the 
acceptor fluorophore, the donor fluorophore can no longer undergo de-excitation via FRET, 
resulting in a detectable increase in its fluorescent emission at wavelengthc2, A2 (see, for 

0 example, Singh, et ah, 1999; Wu, and Brand, 1994; Walter and Burice, 1997; Waher et al., 
1998). In a further embodiment, the change m the polarization state of the fluorescent 
emission from the donor fluorophore (due to the increased diJSusional rotation rate of the 
smaller cleavage Augment) can be detected/monitored in addition to changes in fluorescent 
emission intensity (see, for Singh, 2000). In a further embodiment, the ribozyme sensor 

5 molecules are free in solution. 

In anotiier embodiment, shown in Figure lOB, the acceptor fluorophore attached to 
the substrate is replaced by a quencher group. This replacement will also result in minimal 
fluorescent donor emission at wavelength 2, X2, with the ribozyme is in the unbound state 
under epi-illumination excitation at wavelength 1, XI . Upon target binding, flie cleavage 

0 fragments of the substrate bearing the donor and quencher groups dissociate from the 
ribozyme-target complex. Once separated from the quencher, the donor fluorophore will 
exhibit a detectable increase in its fluorescent emission at wavelength 2, A2. In a fiirther 
embodiment, the change in tiie polarization state of the fluorescent emission from the donor 
fluorophore (due to the increased difiusional rotation rate of the smaller cleavage fragment) 

5 can be detected/monitored in addition to changes in fluorescent emission intensity. In a 
further embodiment, the ribozyme sensor molecules are free in solution. 

In a different embodiment, the optical configuration is designed to provide excitation 
via total internal reflection (TIR)-jlIumination, as shown in Figure IOC. Also, tiie donor 
fluorophore is attached to the ribozyme body while the acceptor is attached to the substrate. 

0 In this configuration, with the surface-immobilized ribozyme in the imbound state, the 
fluorescent donor emission at wavelength 2, A2, will be minimal. Upon target bmding, the 
cleavage fragment of the substrate bearing the quencher group dissociates from the ribozyme- 
target complex. Once separated from the quencher, the donor fluorophore will exhibit a 

34 



wo 02/22882 



PCTAJSOl/28835 



detectable increase in its fluorescent emission at wavelength 3, X3. In an alternative 
embodiment to that shown in shown in Figure IOC, the quencher group can be replaced with 
an acceptor fluorophore. In yet another alternative embodiment to those shown in Figures 
lOA, B, and C, the donor fluorophore is coupled to the cleavage fragment of the ribozyme 
5 substrate and the acceptor fluorophore or quencher group is deleted. Upon target bindmg and 
dissociation of the cleavage fragment, the polarization state of the fluorescent emission from 
the donor fluorophore will undergo a detectable change due to tiie difference in the 
difiiisional rotation rates of the surface-bound ribozyme-target complex and the free cleavage 
fragment 

10 In one embodhn^t, a universal FRET trans-substrate is synthesized for all sensor 

molecules derived from self-cleaving allosteric ribozymes. This substrate would have 
complementary optical signaling units (i.e^ donor and acceptor groups) coupled to opposite 
ends of the synthetic oligonucleotide sequence. Such a universal substrate would obviate the 
need for couplmg optical signaling units to the sensor (i.e., ribozyme) molecule itself. 

15 The relative stabilities of the bound and unbound forms of tiie nucleic acid sensor 

molecules is optimized to achieve the hi^est sensitivity of detection of target molecule. In 
one embodiment, the nucleic acid sensor molecule is further engineered to enhance the 
stability of one fonn over another. In one embodiment, the UA marked in bold in Figures 3A 
and B is changed to a CC, favoring the formaticm of tiie target molecule bound form. Because 

20 these bases do not form base pairs when the nucleic acid sensor molecule is unbound, die 
unbound form is not stabilized. 

In addition to tiie herein described methods^ any additional proximity dependent 
signaling system known in the art can be used to practice the method according to the 
invention, and are encompassed witiiin the scope . 

25 A number of methods can be used to evaluate the relative stability of different 

conformations of the nucleic acid sensor molecule. In one embodunent, the free energy of the 
structures formed by the nucleic acid sensor molecule is determined using software programs 
such as mfold®, which can be found on the Rensselaw Polytechnic Institute (RPI) web site 
(wwwjpi.edu/dept.). 

30 In another wnbodunent, a gel assay is perforaied which pomits detection of differ^t 

conformations of the nucleic acid sensor molecule. In this embodiment, the nucleic acid 
sensor molecule is allowed to come to equilibrium at room tempmture or the temperature at 
which the nucleic acid sensor molecule will be used. The molecule is tiien cooled to 4**C and 
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electrophoresed on a native (non-denaturing) gel at 4''C. Each of the confonnations fonned 
by the nucleic acid sensor molecule will run at a different position on the gel, allowing 
visualization of the relative concentration of each conformation. Similarly, the conformation 
of nucleic acid sensor molecules which forms in the presence of target molecule is then 
5 determined by a method such as circular dichroism (CD) . By comparing the conformation of 
tiie nucleic acid sensor molecule formed in the presence of target molecule with the 
conformations fonned in the absence of target molecule, the conformation which corresponds 
to the bound conformation can be idoitified in a sample in which there is no target molecule. 
The nucleic acid sensor molecule can then be engineered to minimize the formation of the 

10 bound conformation in the absence of target molecule. The sensitivity and specificity of 
nucleic acid sensor molecule can be further assayed for using target molecule binding assays 
with known amounts of target molecules. 

In another embodiment, shown in Figures 6A and B, a nucleic acid sensor precursor 
molecule fiom which a portion of a self-cleaving site has been removed, is coupled to a first 

15 signaling moiety (F) at a first nucleotide and to a second signaling moiety (D) at a second 
nucleotide. In this embodiment, the entire catalytic site of the nucleic acid precursor molecule 
(see Figures 5A and B) has been removed. In one embodiment (Figures 6A and B), additional 
bases (e.g., UGGUAU) are added to one end of the portion of the nucleic acid sensor 
molecule comprising the target activation site sequence, to stabilize the unbound form of the 

20 nucleic acid sensor molecule (Figure 6B). These bases are selected to be complementary to 
bases at the opposite end of the nucleic acid sensor molecule (ACCAUA). Additional bases 
may be added to either the 5* or the 3' end of the nucleic acid sensor molecule. 

Modifications to stabilize one conformation of the nucleic sensor molecule over 
another may be identified using the mfold program or native gel assays discussed above. A 

25 labeled nucleic acid sensor molecule is generated by coupling a first signaling moiety (F) to a 
first nucleotide and a second signaling moiety (D) to first and second nucleotides as discussed 
above. As above, the sensitivity and specificity of the nucleic acid sensor molecule can be 
fiirthar assayed for using target molecule binding assays with known amounts of target 
molecules. In furflier embodiments , nucleic acid sensor molecules are selected which have 

30 optimal affinity for a target molecule using an alQBnity fingerprinting technique as disclosed 
in U.S. Patent 5,587,293, the entirety of which is incorporated by reference herein. 
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ii. Optical Sig nal Generating Units With Single SignaUng Moieties 

In one mbodiment, the nucleic acid sensor molecule comjHises an optical signaling 
unit wift a single signaling moiety mtroduced at either an internal or tenninal position withm 
5 the nucleic acid sensor molecule, hi this embodiment, bindmg of the target molecule results 
in changes in hoQx the confonnatiro and physical aspect (e.g., molecular volume or mass, 
rotational difiusion rate, etc.) of the nucleic add sensor molecule. Confonnational changes m 
the nucleic acid sensor molecule upon target bmding will modify the chemical environm«it 
of the signaling moiety. Such a change m chemical environment will in general change the 
10 optical properties of the signalmg moiety. Suitable signaling moires are described m 

Jhaveri, et al, 2000, and inctade, e.g. fluorescein, aaidine, and other organic and nonorganic 
fluorophores. 

In one embodiment a signaling moiety is introduced at a po^on m tfie nucleic acid 
precursor molecule near the target activation site (identifiable by footprinting studies, for 

15 example). Bindmg of the target molecule will (via a change m conformation of the nucleic 
add precursor molecule) alter ttie chemical oivironment and thus affect the optical properties 
of the signalmg moiety in a detectable manner. 

Bindmg of flie nucldc acid sensor molecule with the target molecule will result in 
changes in the conformation and physical aspect of the nucleic add s^or molecule, and will 

20 thus aher the kinetic properties of the signaling moiety. In particular, the changes in 

conformation and mass of the sensor-target complex will reduce the rotational difiusicm rate 
for the sensor-target complex, resulting in a detectable change in the observed steady state 
fluorescence polarization (FP) from tiie signaling moiety. The expected diange in FP signal 
with target concentration can be derived using a modified form of the well-known Mchaelis- 

25 Mentcn model for ligand bmding kmetics (ref: Lakowicz, 1999), FP is therefore a highly 
sensitive means of detecting and quantitatively determming the concentration of target 
molecules m a sample solution (Jameson and sawyer, 1995; Jameson and Seifried, 1999; 
Jolley, 1999; Singh, 2000; Owicki et al., 1997). FP metiiods are capable of functioning in 
both solution- and solid-phase implementations. 

30 Numerous additional methods can be used that, e.g., make use of a single fluorescent 

label and an unpaired guanosine residue (instead of a quencher group), to enable tiie use of 
FRET in target detection and quantitation as described m tiie embodiments previous section 
(see Walter and Burkc^ 1 997). 
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In a further embodiment, shown in Figure 1 1 A and B, the labeled self-cleaving 
ribozyme is replaced by an unlabeled ligating ribozyme such as the lysozyme-dependent LI 
ligase (see, for example, Robertson, M.P. and Ellington, A.D, 2000). In the unbound state, 
i.e^ in the absence of target, no fluorescent emission is detected from the surface-bound 
5 ribozymes imder total internal reflection (TIR)-illumination. Upon binding of target 

molecules in the presence of a substrate with a tag (where the tag is capable of binding to a 
subsequently added fluorescent label via interactions including, but not limited to, 
biotin/steptavidin, amine/aldehyde, hydrazide, thiol, or other reactive groups) those substrates 
hybridized to ribozymes will undergo ligation and become covalently bonded to the 

1 0 ribosome. In order to maximize the probability of hybridization for a given ribozyme, 

substrate can be added in excess relative to ribozyme, the temperature of the ambient solution 
in which the reaction takes place can be kept below room temperature (e.g., 4 degrees C), and 
agitation of the reaction vessel can be employed to overcome the kinetic limitation of 
difiiision-limited transport of species in solution. Given the above conditions, as well as 

15 sufBcient time for maximal hybridization and subsequent ligation to occur, fluorescent label 
with the appropriate reactive group to bind the substrate tag is added to the reaction mixture. 
Again, the degree of substrate-label binding can be maximized through control of label 
concentration^ solution temperature, and agitation. Once the fluorescent label has bound to all 
available ligated substraterribozyme-target complex, the solution temperature can be raised to 

20 drive off ail of the hybridized but unligated substrate. With TIR-illumination, the spatial 
extent of the excitation region above the solid substrate surface to which the ribozymes are 
bound is only on the order of 100 mn. Therefore, the bulk sohition above the substrate surface 
is not illuminated and the detected fluorescent emission will be primarily due to fiuorophores 
whtdi are bound to ligated substrate-ribozyme-target complies tethered to die substrate 

25 sur&ce. The fluorescence emission from sur&ce-bound ribozyme-target complexes in this 
homogieneous solid phase assay format rq)resents an easily detectable optical signal. In 
another raibodiment, the fluorescence polarization (FP) of the labeled substrate can be 
monitored. Upon ligation, the steady state fluorescence polarization signal form the substrate- 
ribozyme complex will increase detectably relative to the FP signal from the fi^e labeled 

30 substrate in solution, due to the difference in the diflSisional rotation rates between tiie free 
and ligated forms. 

In another embodiment, an unlabeled ligating ribozyme such as the lysozyme- 
dependent LI ligase (see, for example, Robertson, . and Ellington, A.D, 2000) is bound 
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to a soKd sur&ce. fii this embodiment the substrate oligo is coupled to an enzyme-linked 
luminescent moiety, such as hme radish peroxidase (HRP) by a tag (where the tag is capable 
of binding to a subsequently added label via interactions including, but not limited to, 
biotin/steptavidin, amine/aldehyde, hydrazide, thiol, or other reactive groups), hi Ihe unbound 
5 statej.e., in the absmceoftarget, no luminescent enussion is detected jGx>mft^ 

bound ribozymes. Upon bhiding of target molecules m the presmce of labeled substrate, 
those substrates hybridized to ribozymes will undergo ligation and become covalently bonded 
to the ribosome. After removal of excess, unbound ribozyme substrate, the activation 
substrate for the »izyme-lmked lummescrat label is added to the reaction volume. The 
10 resulting luminescent signal (e.g^ from HRP, luciferase, etc.) is easily detectable using 

standard huninometers (e.g., the Fusion multifunction plate reader, Packard Bioscience), hi a 
fiirther embodunen^ Ihe activated sohxtion can be precipitated, followed by colorimetric 
detection. 

15 

2. Generating Tareet Activated Biosensors 

Target activated biosensors for the detection of a target molecule of interest are 
generated by first selecting nucleic acid precursor molecules with catalytic activity 

20 modifiable (e.g^ activatable) by a selected target molecule. In one embodiment, at least a 
portion of flie catalytic site of the precursor molecule is flien rmoved and an optical signal 
generating unit is eitho- added or inserted. Binding of the target molecule to the target 
activated biosensor activates a change m the properties of the optical dgnalnig unit 
In one embodiment, a target activated biosensor is provided Tiiiidi comprises a 

25 plurality of nucldc acid sensor molecules labeled with first and second signaling moieties 
specific for a target molecule, hi another embodiment, sensor molecules aie labeled with a 
single signalmg moiety, hi one embodiment, the labeled nucleic acid sensor molecules are 
provided m a solution (eg., a buflFer). In another embodunent, the labeled nucleic add sensor 
molecules are attached dhecUy or mdfrectly (e.g., through a Unker molecule) to a substrate, hi 

30 further embodiments, nucleic acid sensor molecules can be ^thesized directly onto the 
substrate. Suitable substrates which are encompassed within the scope mchide, e.g., glass or 
quartz, silicon, encapsulated or unencapsulated semiconductor nanocrystal materials (e.g., 
CdSe), nitrocellulose, nylon, plastic, and other polymers. Substrates may assume a variety of 
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configurations (e.g., planar, slide shaped, wafers, chips, tubular, disc-like, beads, containers, 
or plates, such as microtiter plates, and other shapes)- 

Numerous attachment chemistries, both direct and indirect, can be used to immobilize the 
sensor molecules on a solid support. These include, e.g., amine/aldehyde, biotin/streptavidin 

5 (avidin, neutravidin), ADH/oxidized 3* RNA. In a particular embodiment, tiie nucleic acid 
sensor molecules are allosteric ribozymes which ligatc a substrate in the presence of a target 
molecule (see Figures 2A and B). In this embodiment the ribozymes are bound to a solid 
substrate via the effector oligonucleotide sequence (for example, 
GCGACTGGACATCACGAG (SEQ ID N0:2) in Figure 2A). 

0 In one embodiment, a manual or computer-controlled robotic microarrayer is used to 
generate arrays of nucleic acid sensor molecules immobilized on a solid substrate. In one 
embodiment, the arrayer utilizes contact-printmg technology (i.e., employing printing pins of 
metal, glass, etc., with or without quill-slots or other modifications). In a difierent 
embodiment, the arrayer utilizes non-contact printing technology (i.e., employing Inkjet or 

5 capillary-based technologies, or other means of dispensing a solution containing the material 
to be arrayed). Numerous methods for preparing, processing, and analyzing microarrays are 
known in the art (see Schena et al., 2000; Mace et al., 2000; Heller et al., 1999; Basararsky et 
al., 2000; Schermer, 1999). Robotic and manual arrayers are commercially available, for 
example, Ae SpotArray fix>m Packard Bioscioaces, Meriden, CT, and the RA-1 fix>m 

0 GenomicSolutions, Ann Arbor, MI). 

In one embodiment, larger substrates can be generated by combining a plurality of 
smaller biosensors forming an array of bios^ors. In a finther embodiment, nucleic acid 
sensor molecules placed on the substrate are addressed (e.g., by specific linker or efiector 
oligonucleotide sequences on the nucleic acid sensor molecule) and information relating to 

5 the location of each nucleic acid sensor molecule and its target molecule specificity is stored 
within a processor. This technique is known as ^atial addressing or spatial multiplexing. 
Techniques for addressing nucleic acids on substrates are known in the art and are described 
in, for example, U.S. Patent Number 6,060,252, U.S. Patent Numba- 6,051,380, U.S. Patent 
Number 5,763,263, U.S. Patent Number 5,763,175, U.S. Patent Number 5,741,462, the 

0 entireties of which are incorporated by reference herein. 

In the embodimmt shown in Figure 13 A and b, 4 different nucleic acid sensor molecules 
are immobilized on a streptavidin-derivatized glass substrate via biotin linkers. The biosensor 
targets for the sensors are 4 different physiological proteins: thrombin, IMPDH, VEGF, and 
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BFGF. Each biosensor is labeled with a single 5* FAM (fluorescein) group. The individual 
sensor spots in this case were manually arrayed. Solution measurements of target 
concentration are made by bathing the surface of the biosensor array in a solution containing 
the targets (analytes) of interest. In practice this m accomplished either by incorporating the 

5 array within a microflowcell (wiA a flow rate of - 25 microliters/mm), or by placing a small 
volume 6-10 microliters) of the target solution on the array surface and covering it with a 
cover slip. Detection and quantification of target (here protein) concentration is accomplished 
by monitoring changes in the fluorescence polarization (FP) signal emitted from the 
fluorescein label under illumination by 488 nm laser radiation. Figure 13A shows the 

0 physical basis for the change in the polarization state of the emitted fluorescence from the 
biosensors. The rotational difiusion rate is inversely proportional to the molecular vohune; 
tibus the rotational correlation time for the roughly 20-nuclcotide unbound sensor (i.e., in the 
absmce of target) will be significantly less than that for the > 55 kD target-sensor complex. 
The fluorescence CTiission from the target-sensor complex will therefore experi^ce greater 

5 residual polarization due to tiie smaller angle through which the mission dipole axis of Ae 
sensor fluorophore can rotate vMnn its radiative lifethne. The polarization of the detected 
fluorescence emission at approximately 516 nm quantitatively correlated wifli protein 
concentration, as shown m Figure 13C. Titration of protein into the interrogated volume 
allows the determination of flie dissociation constant, Kd, for the target-sensor interaction via 

0 fitting to a Michaelis-Menten model fiir ligand-binding kinetics (ref Lakov^cz, 1999). Such 
an FP titration curve is shown m Figure 13C frnr the tfarombm-specific biosensor m biological 
~ fluid consisting of 10% human serum in phosphate buffered saline (PBS). In another 
embodiment, diffmnt sur&ce attachment chonistries are used to immobilize the biosensors 
on a solid substrate. As previously noted, these mclude, c.g., interactions mvolvmg 

5 biotui/steptavidin» amme/aldehyde, hydrazide, thiol, or other reactive groups. 

The specificity of the target activated biosensor according to the mvention is determined 
by the specificity of the target activaticKi site of the nucleic acid sensor molecule, hi one 
embodiment a nucleic acid biosensor is provided in which all of flie nucleic acid sensor 
molecules recognize the same molecule, bi anottier embodiment, a nucleic acid biosensor is 

0 provided which can recognize at least two different target molecules allowmg for multi- 
analyte detection. Multiple analytes can be distinguished by using different combinations of 
first and second signaling molecules. In addition to the wavelength/color and spatial 
multiplexing techniques previously described, nucleic acid biosensors may be used to detect 
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multiple analytes using intensity multiplexing. This is accomplished by varying the number 
of fluorescent label molecules on each biosensor molecule in a controlled feshion. Since a 
single fluorescent label is the smallest integral labeling unit possible, the number of 
fluorophores (i.e., the intensity fix)m) a given biosensor molecule provides a multiplexing 
5 mdex. Usmg the combination of 6-wavelengtfa (color) and 10-level intensity multiplexing, 
implemented in the context of semiconductor nanocrystals derivatized as bioconjugates, 
would theoretically allow the encodmg of million different analyte-specific biosensors (Han 
etal., 2001). 

In one embodiment, multiple single target biosensors can be combined to form a 
10 multianalyte detection system which is either solution-based or substrate-based according to 
the needs of the us^. In this embodiment, individual biosensors can be later removed fiom 
the system, if the usar deskes to return tp a single analyte detection system (e.g^ using target 
molecules bound to supports, or, for example, manually removing a selected biosensQr(s) in 
the case of substrate-based biosensors). In a further embodiment, nucleic acid sensor 
1 5 molecules bindmg to multiple analytes are distinguished from each other by referring to the 
address of die nucleic acid sensor molecule on a substrate and correlating its location with the 
appropriate target molecule to which it binds (previously described as spatial addressing or 
multiplexing). 

Li one embodimrat, subsections of a biosensor array can be individually subjected to 
20 sq>arate analyte solutions by use of substrate partitions or enclosures &at prevent fluid flow 
betweoi subarrays, and microfluidic pathways and injectors to introduce the difiTerent analyte 
solutions to the appropriate sensor subarray. 

3. Target Activated Biosensor Systems 

25 

In one embodiment a target activated biosensor syst^ is provided comprising a 
target activated biosensor in communication with a detector system, b a further embodunen^ 
a processor is provided to process optical signals detected by the detector system. In still a 
further embodiment the processor is connectable to a server which is also connectable to 
30 other processors. In this embodiment, optical data obtained at a site where the biosensor 
system resides can be transmitted tfaroi^h the server and data is obtained* and a report 
displayed on the display of the off-site pix)cessor within seconds of the transmission of the 
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optical data. In one embodiment, data from patients is stored 10 in a database which can be 
accessed by a user of the system. 

Data obtainable from the biosensors according to the invention include diagnostic 
data, data relating to lead compound development, and nucleic acid sensor molecule 
5 modeling data (e.g^ information correlating the sequence of mdividual sensor molecules with 
binding affinity for a particular target molecule). In one embodiment, these data are stored in 
a computer database. In a fiirther embodimmt, the database includes, along with diagnostic 
data obtained from a sample by the biosensor, information relating to a particular patient, 
such as medical history and billing mformation. Although, in one embodiment, the database 

10 is part of the target activated biosensor system, ttxc database can be used separately with otiier 
detection assay methods and drug development methods. 

Detectors used with the target activated biosensor systems according to the invention, 
can vary, and include any suitable detectors for detecting optical changes in nucleic acid 
molecules. These include, e.g., photomultiplier tubes ^MTs), charge coupled devices 

15 (CCDs), intensified CCDs, and avalanche photodiodes (APDs). In one embodiment, a target 
activated biosensor comprising labeled nucleic acid sensor molecules is excited by a light 
source in communication with the biosensor. In a further embodunent, when the optical 
signaling unit comprises first and second signal moires that are donor/acceptor pairs (i.e., 
signal generation relies on the fluorescence of a donor molecule when it is removed from the 

20 proximity of a quencher acceptor molecule), recognition of a target molecule will cause a 
large increase in fluoresc»ce emission intensity over a low background signal level. The 
high signal*to-noise ratio pcmits small dgnals to be measured using high*gain detectors, 
such as PMTs or APDs. Usmg hitensified CCDs, and PMTs, sfaigle molecule fluorescence 
measur^ttts have been made by monitoring the fluorescence emissiw, and changes in 

25 fluorescence lifetime, &om donor/acceptor FRET pairs (see Sako, et al., 2000; Lakowicz ct 
al, 1991)). 

Light sources include, e.g., filtered, wide-spectrum light sources, (e.g., tungsten, or 
xenon arc), laser lig^t sources, such as gas lasers, solid state crystal lasers, semiconductor 
diode lasCTS (mcludmg multiple quantum well, distributed feedback, and vertical cavity 
30 suifece OTiitting lasers (VCSELs)), dye las&rs, metalHc vapor lasers, free electron lasers, and 
lasers using any oflier substance as a gain medium. Common gas lasers include Argon-ion, 
Krypton-ion, and mixed gas (e.g., Ar-Kr) ion lasers, emitting at 455, 458, 466, 476, 488, 496, 
502, 514, and 528 mn (Ar ion); and 406, 413, 415, 468, 476, 482, 520, 531, 568, 647, and 
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676 nm (Kr ion). Also included in gas lasers are Helium Neon lasers emitting at 543, 594, 
612, and 633 nm. Typical output lines from solid state crystal lasers include 532 nm (doubled 
Nd:YAG) and 408/816 nm (doubled/primary from TirSapphire). Typical output lines from 
semiconductor diode lasers are 635, 650, 670, and 780 nm. 

5 Excitation wavelengths and emission detection wavelengths will vary d^ending on 

the signaling moieties used. In one embodiment, where the first and second signaling 
moieties are fluorescein and DABCYL, the excitation wavelength is 488 nm and the emission 
wavelengOi is S14 nm. In the case of semiconductor nanocrystal-based fluorescent labels, a 
single excitation wavelength or broadband UV source may be used to ©ccite several probes 

0 with widely ^ectrally separated emission wavelengths (see Brucbez ^ al., 1998; Chan et a]., 
1998). 

In one embodiment, detection of changes in the optical properties of the nucleic acid 
sensor molecules is performed using any of a cooled CCD camera, a cooled intensified CCD 
camera, a single-photon-coimting detector (e.g., PMT or APD), or other light sensitive 

5 sensor. In one embodiment, the detector is optically coupled to the targ^ activated biosensor 
through a lens system, such as in an optical microscope (e.g., a confocal microscope), hx 
another embodiment, a fiber optic coupler is used, where the input to the optical fiber is. 
placed in close proximity to the substrate sur&ce of a biosensor, either above or below the 
substrate. In yet another embodiment, the optical fiber provides the substrate for the 

0 attachment of nucleic acid sensor molecules and the biosensor is an integral part of the 
optical fiber. 

In one embodiment, the interior sur&ce of a glass or plastic capillary tube provides 
the substrate for the attachment of nucleic acid sensor molecules. The capillary can be either 
circular or rectangular in cross-section, and of any dimension. The capillary section 

5 containing the biosensors can be integrated into a microfluidic liquid-handling system which 
can inject different wash, buffer, and analyte-containing solutions through tiie sensor tube. 
Spatial encoding of the sensors can be accomplished by patterning them longitudinally along 
the axis of the tube, as well as radially, around the circumference of the tube interior. 
Excitation can be accomplished by coupling a laser source (e.g., using a shaped output beam, 

0 such as from a VCSEL) into the glass or plastic layer forming the capillary tube. ITie coupled 
excitation light will undergo TIR at the interior surface/solution mterface of the tube, thus 
selectively exciting fluorescently labeled biosensors attached to the tube walls, but not the 
bulk solution. In one ^bodimen^ detection can be accomplished using a lens-coupled or 
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proximity-coupled large area segmented (pixilated) detector, such as a CCD. In a particular 
embodimenr» a scanning (i.e., longitudinal/axial and azimuttial) microscope objective 
lens/emission filter combinaticm is used to image the biosensor substrate onto a CCD 
detector^ In a dijSTerent embodiment, a high resolution CCD detector with an emission filter in 
5 fiont of it is placed in extremely close proximity to fee capillary to aUow direct imagmg of 
tiie biosensors* In a differrat embodiment, hi^y efScirat detection is accomplished using a 
mirrored tubular cavity that is eUiptical in cross-section. The sensor tube is placed along one 
fi)cal axis of the cavity, while a sid&-window PMT is placed along the other focal axis witiii an 
emission filter in fiY>nt of it. Any light emitted from the biosensor tube in any dkection will 

10 be collected by Ae cavity and focused onto the wmdow of the PMT. 

In still another embodiment the optical properties of a target activated biosensor are 
analyzed using a ;q>ectrometer (e.g^ such as a himmescence spectrometer) which is in 
commun i cation with the biosensor. The spectrometer can perform wavelength discrimination 
for excitation and detection using either monodiromators (i.e., diffraction gratings), or 

15 wavelength bandpass filters. In this embodimrat, biosensor molecules are excited at 

absorption maximuma appropriate to the signal labeling moieties being used (e.g., acridine at 
450 nm, fluorescein at 495 nm) and fluorescence intensity is measured at emission 
wavelengths appropriate for the labeling moiety used (e.g., aaidme at 495 nm; fluorescein at 
515 nm). Achieving sufBcient spectral separation ^.e., a large enough Stokes shifl) b^eai 

20 file excitation wavelength and the emission wavelength is oitical to the ultimate limit of 
detection sensitivity. Given that the intensity of the excitation light is much greater than that 
of tiie emitted fluorescence, even a small fraction of the excitation light bemg detected or 
amplified by the detection system will obscure a weak biosensor fluorescence emission 
signal. In one embodiment, the biosensor molecules are in solution and are pipetted (either 

25 manually or robotically) mto a cuvette or a well in a microtiter plate within tiie spectrometer. 
In a fiirtiier embodiment, the spectrometer is a multifimction plate reader capable of detecting 
optical changes in fluorescence or luminescence intmsity (at one or more wavelengths), time- 
resolved fluorescence, fluorescraice polarization (EP), absorbance (epi and transmitted), etc., 
such as the Fusion multifimction plate reader system (Packard Biosciences, Mmden, CI). 

30 Such a system can be used to detect optical changes in biosensors either m solution, bound to 
tile surfece of microwells in plates, or inmiobilized on the surfiice of solid substrate (e.g., a 
biosensor mia-oarray on a glass substrate). This type of multiplate/itnultisubstrate detection 
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system, coupled with robotic liquid handling and sample manipulation, is particularly 
amenable to high-throughput, low-volume assay formats. 

In embodiments where nucleic acid sensor molecules are attached to substrates, such 
as a glass slide or in microarray format, it is desirable to reject any stray or background light 

5 in order to permit the detection of very low intensity fluorescence signals. In one 

embodunen^ a small sample volume (-10 nL) is probed to obtain spatial discrimination by 
using an appropriate optical configuration, such as evanescent excitation or confocal imaging. 
Furthermore, backgroimd li^t can be minimized by the use of narrow-bandpass wavelength 
filters between Hic sample and the detector and by using opaque shielding to remove any 

0 ambient It^t fi:om the measurement system. 

In one embodiment, spatial discrimination of nucleic acid sensor molecules attached 
to a substrate in a direction normal to the inter&ce of the substrate (i.e., exdtation of only a 
small thickness of the solution layer directly above and surrounding tfie plane of attachment 
of the biosensor molecules to the substrate surface) is obtained by evanescent wave 

5 excitation. This is illustrated in Figure 14. Evanescent wave excitation utilizes 

electromagnetic energy that propagates into the lower-index of refraction medium when an 
electromagnetic wave is totally internally reflected at the interface between higjier and lower- 
refractive index materials. In this embodiment a collimated laser beam is incident on the 
substrate/solution interface (at which tiie biosensors are immobilized) at an angle greater than 

0 the critical angle for total internal reflection (TIR). This can be accomplished by directing 
light into a suitably shaped prism or an optical fiber. In the case of a prism, as shown in 
Figure 14, the substrate is optically coupled (via index-matching fluid) to the upper sur&ce of 
the prism, such tiiat TIR occurs at the substrate/sohition inter&ce on which tiie biosensors are 
unmobilized. Using this method, excitation can be localized to within a few hundred 

S nanometers of the substrate/solution interface, thus eliminating autofluorescence background 
from the bulk analyte solution, optics, or substrate. Target recognitim is detected by a change 
in the fluorescent emission of the nucleic acid s^isor, wh^er a change in mtensity or 
polarization. Spatial disoimination in the plane of the int^ace (i.e., laterally) is achieved by 
the optical system. 

0 In one embodiment, a large area of the biosensor substrate is uni&rmly illuminated, 

either via evanescent wave excitation or epi-illummation from above, and the detected signal 
is spatially encoded through the use of a pixelated detector, such as CCD camera. An 
example of this type of uniform fllummation/CCD detection system (using epi-illumination) ) 
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for tbe case of microarrayed biosensors on soKd substrates is the GeneTAC 2000 scanner 
(GenomicSoIutions> Ann Arbor, MI). In a different embodiment, a small area (e.g^ 10 x 10 
microns to 100 x 100 microns) of the biosensor substrate is iUuminated by a micro- 
coUimated beam or focused spot In one embodiment the excitation spot is rastered in a 2- 
5 dimensional scan across the static biosensor substrate surfece and the signal detected (with an 
integrating detector, such as a PMT) at each point correlated with the spatial location of that 
pomt on the biosensor substrate (e.g., by the mechanical positioning system responsible for 
scanning the excitation spot). Two examples of this type of moving spot detection system for 
the case of microarrayed biosensors on solid substrates are: the DNAScope scanner 

10 (confocal, epi-illumination, GeneFocus, Waterloo, ON, Canada), and the LS IV scanner (non- 
confocal, epi-tOumination, GenomicSolutions, Ann Arbor, MI). In yet anotiier embodiment, a 
small area (e.g., 10 x.lO miatms to 100 x 100 microns) of the biosensor substrate is 
illuminated by a stationary micro-collimated beam or focused spot, and the biosensor 
substrate is rastered in a 2-dimensiona] scan bmieatfa tbe static excitation spot, with the signal 

15 detected (with an integrating detector, such as a PMT) at each point correlated wiA the 
spatial location of that point on the biosensor substrate (e.g^ by the mechanical positioning 
system responsible for scanning the substrate). An example of this ^e of moving substrate 
detection (using confocal epi-illumination) system for the case of microarrayed biosensors on 
solid substrates is the ScanArray 5000 scanner (Packard Biochip, Billerica, MA). 

20 hi the embodiment diown m Figure 14, a TIR evanescait wave excitation optical 

configuration is nnplemented, with a static substrate and dual-c^)ability detection system. 
The detection system is built on the frame of a Zeiss universal fluorescence microscope. The 
system is equipped with 2 PMTs on one optical port, and an intensified CCD camera (Cooke, 
St Louis, MO) mounted on the other optical port The optical path utilizes a moveable mirror 

25 which can direct the collimated, polarized laser beam throu^ focusmg optics to form a spot, 
or a beam expander to form a large (> 1 cm) beam whose central portion is roughly uniform 
over the field of view of the objective lens. Another movable mirror can direct the light either 
to the mt^ified CCD camera when using large area uniform illumination, or to the PMTs m 
the scanned spot mode, hi spot scanning mode, a polarizing beamsplitter s&parsdcs the 

30 parallel and perpendicular components of the emitted fluorescaice and directs each to its 
designated PMT. An emission filter in the optical column rejects scattered excitation light 
from either type of detector, hi CCD imaging mode, manually polarizers in the optical 
column of the microscope must be adjusted to obtain parallel and perpendicular images from 
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which tiie fluorescence polarization or anisotropy can be calculated. A software program 
interfaces with data acquisition boards in a computer which acquires the digital output data 
from both PMTs and CCD. This program also controls the PMT power, electromechanical 
shutters, and galvanometer mirror scanner, calculates and plots fluorescence polarization in 

S real time» and displays FP and intensity images. The images and data shown in Figure 13 
were acquked using a 2.5x objective lens, 30 mW laser power, and 1 00 msec integration time 
per pomt, at a resolution of 40x40 points in X and Y. The FP titration curve shown in Figure 
12C is for the thrombin-specific biosensor spot The measured Kd value was approximately 
15 nM in a biological fluid consisting of 10% human serum in phosphate buffered saline 

0 (PBS). 

In another embodiment, the detection system is a single photon coimter system (see, 
e.g., U.S. Patent Number 6,016,195 and U.S. Patent Number 5,866,348) reqmring rastering of 
the sensor substrate to image larger areas and survey the different bmding regions on the 
biosensor. 

5 

B. Detection to Targets of Physiologica] and Pharmacological Interest 
Any optical method known in the art, in addition to those described above can be used 
in the detection and/or quantification of all targ^ of interest in all sensor fomiats, in both 
biological and nonbiological media. These targets include, e.g., those listed in the Table in 
0 Section 4Bii, entitled: ''Exemplaiy pathway target molecules include, e.g.:''. 

4. Methods of Using Nucleic Acid Sensor Molecules 

A. Diagnostic Assays 

5 

The target activated biosensors according to the invention can be used to detect 
virtually any target molecule upon selection of the appropriate nucleic acid precursor 
molecule. In one embodiment, the target molecule is a target molecule associated with a 
pathological condition and detection of changes in the optical properties of the nucleic acid 
0 sensor molecules of the biosensor provides a means of diagnosing the condition. Target 

molecules which are contemplated within the scope include, e.g. proteins, modified forms of 
proteins, metabolites, organic molecules, and metal ions, as discussed above. Because signal 
generation in this system is reversible, washing of the biosensor(s) in a suitable buffer will 
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aDow the bioseaisor(s) to be used multiple times, enhancing the reproducibility of the any 
diagnostic assay since the same reagents can be used over and over. Suitable wash buffers 
include, e.g., binding buffer without target or, for faster washing, a high salt buffer or other 
denaturing conditions, followed by re-equilibration with binding buffer. 
5 Re-use of the bio sensor is enhanced by selecting optimal fluorophores. For example, 

Alexa Fluor 488, produced by Molecular Probes, has similar optical characteristics compared 
to fluorescein, but has a much longer lifetime. However, m one embodiment, a site 
recognized by a nuclease is engineered proximal to the signal generating site, and sequences 
comprising signaling moieties are removed from the biosensor and replaced by new 
10 sequences, as needed. 



t Profiling Biosensors for Use in Diagnostic Assays 

In one embodunen^ the expression pattern of a plurality of target molecules is 

15 determined to obtain a proSh of target molecules associated vnttk a trait in an mdividual to 
determme an expression pattcam vAich is diagnostic of that trait In this embodiment, 
CQmbinatious of biosensors targeted to individual target molecules are selected until a 
signature optical profile is detmnined which is characteristic of a trait. Traits include, e.g., a 
disease, a gaietic alteration, a combination of genetic alterations (e.g., a polygenic disorder), 

20 a physiological reaction to an environmental condition, or a wild type state (e.g., of an 

organism or of an organ system). The target molecules which g^erate tiie dgnature optical 
profile are idmtified (based on the type of biosensors used) as signature target molecules. 
The e^qaression of the signature target molecules can thereafter be determmed to identify the 
presence of the trait in a patient 

25 The expression of the target molecules can be identified using any molecular 

detection system known in the art; however, in a preferred embodiment, the detection systmx 
comprises nucleic acid sensor molecules and the trait is identified by detecting the signature 
Optical inofile. In one embodiment, data relating to tiie signature optical profile is stored in 
the m^nory of a computer. Signature optical profiles can be generated for individual patients 

30 or can be gmerated for populations of individuals. In tiie latter embodhnait, data relating to a 
composite signature profile (e.g., comprising normalized data) is stored in ibo memory of a 
computer or in a onnputer program product 
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Because the biological function of the target molecules does not need to be known, 
the biosensors according to the invention can be generated which are diagnostic of 
diseases/traits whose biological basis is not yet known or are the result of complex polygenic 
interactions and/or of environmental influences. In one embodiment, nucleic acid sensor 
S molecules are identified which are activatable by synthetic polypeptides obtained from 
putative open reading frames identified in the human genome project and/or in other 
sequenciQg efforts. Combinations of these activatable nucleic acid sensor molecules (along 
with activatable nucleic acid sensor molecules specific for target molecules with known 
functions) are identified which generate a diagnostic optical signal, and signature target 

10 molecules are in turn identified which are linked to a particular trait, allowing a biological 
activity to be associated with a previously xmcharacterized molecule. 

Data relating to signature target molecules or to the optical signals generated upon 
activation of nucleic acid sensor molecules upon binding to signature target molecules is 
stored in a database, which can include further information such as sequence mformadon or 

IS chemical structure information relating to the signature target molecule. A signature profile 
relating to a particular trait is generated based on normalized data fix)m a plurality of tests. In 
one embodiment, a signature profile is obtained by determining any or all of the level, 
chemical structure, or activity, of signature target molecules associated with a disease in 
samples from a population of healthy individuals to determine a signature profile 

20 corresponding to a healthy state. In a further embodiment, signature profiles are obtained 
using data fixmi subsets of populations which are divided into groups based on sex, age, 
exposure to environmental factors, ethnic background, and fiunily history of a disease. 

Drug Discovery 

25 Generally, methods of drug discova7 comprise steps of 1) identifying target(s) 

molecules associated with a disease; 2) validating target molecules (e.g., mimicking the 
disease in an animal or cellular model); 3) developing assays to identify lead compounds 
which affect that target (e.g., such as using libraries to assay the ability of a compound to 
bind to the target); 4) prioritizing and modifying lead compounds identified through 

30 biochemical and cellular testing 5) testing in animal models; and 6) testing in humans 

(clinical trials). Through the power of genomics and combinatorial chemistry, large numbers 
of lead compounds can be identified in high throughput assays (step 3); however, a 
bottleneck occurs at step 4 because of the lack of efficient ways to prioritize and optimize 
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lead compounds and to identify those which actually offer potential for clinical trials. The 
target activatable nucleic acid sensor molecules according to the presrat invention offer a 
way to solve Ihis problem by providing reagents which can be used at each step of the drug 
development process. Most importantly, the target activatable nucleic acid sensor molecules 
5 according to the present invention offer a way to correlate biochemical data, from in vitro 
biochMiistiy and cellular assays, with the effect of a drug on physiological response from a 
biological assay. 

In one embodiment of invention, a method for identifying a drug compound is 
provided, comprising identifyring a profile of target molecules associated with a disease trait 

10 ma patient, administering a candidate compound to the patient, and monitormg changes in 
the profile. In anothw embodiment, the monitored profile is compared with a profile of a 
healthy patient or population of heaBhy patients, and a compound which generates a profile 
vMch is substantially sfanilar to the profile of target molecules in the healthy patient(s) (based 
on routme statistical testing) is identified as a drug. In a fiirther embodiment, both the 

15 profiling and Ac drug ideatification step is perfonned using at least one sensor molecule 
whose prq)erties change upon binding to a target molecule. 

In a fiirther embodiment a method for identifying a drug compound comprises 
identifying a plurality of pathway target molecules, each belonging to a pathway, monitoring 
the level, chemical structure, and/or activity of pathway target molecules in a patient having a 

20 disease trait administering a candidate compound to the patimt, and monitoring changes in 
flie level, chemical structure, and/or activify of the pathway target molecules, lii anottier 
embodim^t the monitored level, chemical structure, and/or activity of the pafliway target 
molecules is compared to the level, chemical structure, and/or activity of pathway target 
molecules in a wild type patieat or patients. In a fiirther embodiment, both profilmg and the 

25 identification of drug compounds is performed using at least one srasor molecule whose 
properties change upon binding to a pathway target molecule. 

Properties according to this aspect include, e,g., optical propoties, change in 
sequence, chemical structure, catalytic activity, and/or molecular wei^t. In a preferred 
embodiment, seasor molecules are target activated nucleic acid sensor molecules. 

30 

^* Target Activated Biose nsors for Use in Identifying Lead Compounds 
In one embodim«it, biosensors activatable by signature target molecules, identified as 
described above, are provided and are validated by testing agamst multiple patient samples 
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in vitro to verily that the optical signal generated by these molecules is diagnostic of a 
particular disease. Validation can also be performed ex vivo, e.g., in cell culture, (using 
microscope-based detection systems and other optical systems as described in U.S. Patent 
Number 5,843,658, U.S. Patent Number 5,776,782, U.S. Patent Number 5,648,269, and U.S. 

5 Patent Numbo: 5,585,245) and/or in vivo, for example, by providmg a profile biosensor in 
conmiunication with an optical fiber. 

The incorporation of biosensors into fiber optic waveguides is known in the art (see, 
eg., U.S. Patent Number 4,577,109, U.S. Patent Number 5,037,615, U.S. Patent Number 
4,929,561, U.S. Patent Number 4,822,746, U.S. Patent Number 4,762,799, the ratireties of 

0 which are incorporated by reference herein). The selection of fluorescent energy transfer 
molecules for in vivo use is described in EP-A 649848, for example. In this embodiment 
nucleic-acid based biosensors are introduced into the body by any suitable medical access 
device, such as an endoscope or a catheter. The optical fiber is provided within a working 
lumen of the access device and is in communication with an optical imaging system. 

S In one embodiment, the same methods which are used to validate the diagnostic value 

of particular sets of target molecule/nucleic acid sensor molecule combinations are used to 
identify lead compounds which can fimction as drugs. Thus, in one embodunent, the effects 
of a compound on target dependent optical signaling is monitored to identify changes in a 
signature profile arismg as a result of treatment with a candidate compound. 

0 In one embodimmt, samples 6om a treated patient are tested in vitro; however, 

samples can also be tested ex vivo or in vivo. When tiie diagnostic profile identified by the 
biosensor changes fix)m a profile which is a signature of a disease to one which is 
substantially similar to the signature of a wild type state (e.g., as determined using routine 
statistical tests), the lead compound is identified as a drug. Target molecules whidi activate 

5 the biosensor comprise can comprise molecules with characterized activity and/or molecules 
with uncharacterized activity. Because large number of target molecules can be monitored 
simultaneously, die method provides a way to assess die affects of compounds on multiple 
drug targets simultaneously, allowing identification of the most sensitive drug targets 
associated with a particular trait (e.g., a disease or a genetic alteration). 

0 Examples of suitable target molecules include, e.g., nuclear hormone receptor (NHR) 

polypeptides; G-coupled protein receptor (GPCR) polypeptides, phosphodiesterase (PDE), 
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NHR polypeptides 

Included in the invention are methods of identifying riboreporters such as allosteric 
ribozymes, signaling ^rtamers or aptamer beacons for detection of confonnational isofoims 
of nuclear honnone leceptors, as well as the riboreporters identified by the methods described 
5 herein. 

Nuclear honnone receptors (NHRs) act as ligand-inducible transcription factors by 
dfrectly mteractmg as monomers, homodimers, or heteroduners in complex with DNA 
response elements of target genes. The activation of these transcription regulators is induced 
by 4e change m conformation of the NHR upon complex formation with Uganda 

10 Provided are methods for generating unique biosensors for each NHR ligand binding 

domain. Hie biosmsors described herein can include, e.g., riboreporters such as allosteric 
ribo2ymes (ARs), including those doived from the hammerhead, hairpin, LI ligase or groupl 
intron ribozymes and the like, or the riboreporto may be derived from aptamer beacons or 
signaling qptamers, any of which transduce molecular recognition into a detectable signal. 

1 5 Also provided is a direct mechanistic assay for the action of anall molecule ligand« 

agonism, -antagonism and partial antagonism of members of the NHR family. The 
mechanistic assays function in both in vitro biochemical as well as with in vitro cell-based 
sitings. In llie m vitro assay setting, the riboreporters (allosteric ribozyme, signaling 
aptamer, or aptamer beacon) are designed to recognize one conformational isomer of the 

20 NHR. In one embodiment, tfie riboreporter recognizes the unique conformation tiiat exists 
for the agonist bound form of a hormone receptor, such as that obsored for the estrogen 
receptor ligand binding domain ER(l8d> when bound to estrogen [Shiau AK, Barstad D, Loria 
PM, Cheng L, Kushner PJ, Agard DA, Greene GL. Cell. 1998 Dec 23;95C7):927-37.] and 
then produces a detectable signal, such as release of fluorescentiy labeled oligonucleotide, 

25 radiolabeled oligonucleotide, or reveals a change in riboreporter conformation driven by 
ligand bmding tiirougji a change in fluorescence or the like. Hrace, in fliis embodnnent, tiie 
riboreporter transduces molecular recognition of tiie ER-estrogen agonist complex into a 
detectable signal. The level of the signal is then used to quantify flie amount of ER-estrogen 
agonist complex present in solution. In anoflier embodunen^ the ER-estrogen ^ecific 

30 riboreporter is used as a screening tool in assays designed to detect inhibitors of ER-estrogen 
complex formation. These sheening tools can be used to determme the mhibition potency of 
compounds m in vitro biochemical assays or in in vitro cell-based assays. Inhibitors of 
estrogen binding to ER(lbd) are useful as anti-proliferative agents for treatment of breast 
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cancers (e.g., tamoxifen) and other estrogen dependent diseases. In another embodiment, 
riboreporters are introduced into cell lines by known methods of transduction, transfection or 
* coupling to peptide translocating agents such as tat or antraopeadia peptides. In another 
embodiment, the ER-estrogen complex specific riboreporter is an allosteric intron imbedded 
5 in a reporter gene such as GFP or luciferase or the like. When the intron derived riboreporter 
is expressed within the reporter gene it renders reporter gene expression effector dependent. 
Thus, m one anbodiment functional GFP protein is expressed only when the ER-estrog«i 
complex is present in the cell, and mhibitors of ER-estrogen complex formation thus block 
functional GFP protein expression in appropriate manunalian such as MCF7 or T47D> yeast 

10 or bacterial cell lines. In a fiirther embodiment the MCF7 or T47D tumor cell lines 

transfected with GFP-ER-estrogen riboreporter sensitive construct are used to form tumor 
xenografts in nude mice. Thus, the transfected tumor xenograft ceil lines can be used to form 
tumors in mice which are not only estrogen dependent but also regulate reporter gene 
expression in ER-estrogen dependent manner. These cell lines and tumor models are used to 

1 5 discover inhibitors of ER-estrogen complex formation in vivo. 

NHR ligand binding domains bind antagonists and form additional conformational 
isomers. When antagonists are bound to the receptor a new conformer results such as that 
observed upon tamoxifen binding to the estrogen receptor to form a stable ER-tamoxifen 
complex [Shiau AK, Barstad D, Loria PM, Cheng L, Kushner PJ, Agard DA, Greene GL. 

20 Cell. 1998 Dec 23;95(7):927-37.]. Accordingly, the invention includes use of an ER- 

tamoxifen specific riboreporter that is used to d^ect the levels of antagonist specific complex 
in both in vitro biochemical, cell-based and, in in vivo assays as described above. 

Riboreporters can be developed that are specific for the ligand binding domains of all 
NHRs. hi addition, it should be clear that riboreporters for agonist, antagonist, dimeric or 

25 multimeric forms of MIR LBDs can be used to SCTeen for inhibitors of LBD function and 
thwefore for inhibitors of NHR dependent transcriptional activation or repression. It should 
be clear to one skilled in the art that riboreporters q)ecific for individual LBD complexes can 
be used to screen for agents that modify NHR function in in vitro and in in vivo assays. 

NHRs are multidomain protems containmg a variable NH2-*teniiinal region (ATB), a 

30 conserved DNA binding domain (DBD) or region C, a linker region D, and a conserved 

region E that contains the ligand biding domain (LBD). NHRs also contain regions required 
for transcriptional activation, of particular interest is the region AF-2 which is located in the 
COOH-terminus and whose function is strictly ligand dependent. Provided herein is a 
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mediod for generating unique riboreporters to each of the 63 known human NHRm LBDs. In 
addition, methods are described that enable the generation of riboreporters capable of 
recognizing the activated state of flie NHR by selection for riboreporters geometries which 
signal the presence of either the activated or inactivated conformation (NHR with bound 
5 ligandX but whose signaling action is quiescent in the presaice of other fonns of the NHR. 

The riboreporters allow the direct^ simultaneous, and rapid detection of the activation 
states of all NHRs. This tool can be used in in vitro assays for receptor activation with 
agonists and antagonists, and can be used to generate cell lines and animal models that report 
on the activation state of such receptors in a biological setting and as a function of drug or 
10 drug lead. 

GPCR Riboreporters 

Also provided by the invention are'riboreporters such as allosteric ribozymes, 
signaling aptamers, or aptamer beacons for detection of confonnational isofonns of G-protein 
coupled receptors. 

15 0-protein coupled receptors (GPCRs) play fundamental roles in regulating the activity 

of vhrtually evory cell. Upon binding of extracellular ligands, GPCRs interact with a specific 
] subset ofheterotrimeric&protems that can then, in their activated fbi^ 

various effector enzymes and/or ion channels. Molecular cloning studies have identified over 
multiple human GPCRs, and have identified the ligands for many of these. 

20 GPCRs include three domains: an extracelhilar N-terminus, a central domain of seven 

transHoaemfarane helices, and a cytoplasmic C-tenninus. Activation of GPCRs is induced by 
ligand binding, which causes a conf(»rmational change in flie receptor and 0q>oses 
cytoplasmic helices n and m, as well as helix VII. The invention provides a method to 
generate unique biosensors for each GPCR. The biosensors described herein mclude 

25 riboreporters such as allostoric ribozymes (AR), sudi as those derived fix)m the hanmierhead, 
hairpin, LI ligase or group 1 intron ribozymes and the like, or the riboreporter may derived 
from aptamer beaccms or signaling ^tamers, and of which transducer molecular recognition 
into a detectible signal. 

Upon the activation by an extracellular ligand or stimuli, G-protein coupled 

30 receptor(GPCR) polypeptides activate intracellular Ga-izrotem. A GPCR can activate a 
number of Ga-proteins. For example, adrenergic receptors activate Gi, which faihibit 
adenyljd cyclases, Gs, which stimulate adenylyl cyclases, and Gq, which regulate cellular Ca 
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ion level(Weiizel-Seifert and Seifert 2000). Thus, it is highly desirable to distinguish the 
class of Ga-proteins which are activated through the GPCR of interest in cell. 

The initial drug screening of the GPCRs is normally performed by competition assay 
with radiolabeled ligands. For a cell based GPCR assay^ incorporation of radiolabeled GTP 
5 can be measured to detect the coupling of Ga-protein and GPCR, however this assay does 
not distinguish the type of Ga-proteins involved. The assays for the effect on individual 
efifectors, such as the Ca^ flow or cellular cAMP level, are also used, but only Ac selected 
downstream signal can be measured at time. 

Upon activation, Ga-protein goes significant conformational change whidb results in 

1 0 release of GDP and association wifb GTP (Coleman and Sprang 1 998). It also dissociates 
fix>m its Py-subunits. This activated form of Ga-protein then becomes capable of interacting 
with its effectQr(Li, Stemweis et al. 1998). The well-charact^ed confoimaticm change 
takes place in three swtiches; switch I (residues 177-1 87 in Gial), switch n (residues 199- 
219 in Gial), and switch m (residues 231-242 m Gial). The sequences and the 

1 5 conformational changes in these switches are well conserved among Ga-proteins. 

Ras is a member of small GTPase protein, which shares significant similarity. GTP- 
bound ras and GDP-bound ras can be distinguished by RBD (ras binding domain) of Raf- 
1 (Taylor, Resnick et al. 2001). The activated state of Rapl can be identified by RalRDS 
(Franke, Akkerman et al. 1997). This indicates significant change in the sur&ce of the 

20 protein, and the effector buuUng sur&ce are only available for interaction in GTP complex 
fbrm» 

The invention provides methods for selecting riboreporters vMch recognize the 
confoimational change upon GTP binding and/or specifically interact with newly exposed G- 
protein effector binding sites upon the activation. Class-specific activated Ga-protein 

25 riboreporters recognize the activated Ga-proteins or its effector binding site, which allow us 
to interpret 4ie multiple type of downstream signal affect by the GPCR. It can used in both in 
vitro HTS and cell-based HTS. 

Also described is a method for developing a direct mechanistic assay of tiie action of 
small molecule ligand-agonism, -antagonism, and partial antagonism of members of the 

30 GPCR femily. The mechanistic assays function in both in vitro biodiemical and m vitro cell- 
based settings. In tiie m vitro assay setting, the riboreporters (allosteric ribozyme, signaling 
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aptamer, or aptamer beacon) are designed to recognize one conformational isomer of the 
GPCR. 

In one embodiment^ the riboreporter recognizes the unique conformation that exists 
for &e activated state wh^ in complex with ligand; such as that observed for the beta-2 
5 adrenergic receptor when m complex with the artificial ligand isoproterenol (Ghanouni et al^ 
PNAS USA, 98:5997-6002(2001)) and produces a detectable signal, such as release of 
fluorescently labeled oligonucleotide, radiolabeled oligonucleotide, or reveals a change in 
ribQrep(»ter conformation driven by ligand binding through a change in fluorescence or the 
Kke. Hence, in this embodunent, the riboreporter transduces molecular recognition of the 

1 0 betar2 adrenergic receptor - in complex with epinephrine, norepinephrine or an artificial 
ligand such as isoproterenol into a detectible signal. The level of the signal is then used to 
quantify the amount of beto-2 adrenergic receptor-agonist complex present in solution. 

in anofter embodiment, the beta-2 adren^gic-agonist riboreportCT is used as a 
saieening tool in assays designed to detect agonists of the beta-2 adrenergic receptor. These 

1 5 5a:eeDing tools can be used to determine the activation pot&kcy of compounds in in vitro 
biochemical assays or in m vitro cell-based assays. Agonists of the beta-2 receptor are useful 
in the treatment of asthma piobinson, et al. Lancet 357:2007-201 1 (2001)). In another 
embodiment, riboreport^ are introduced into cell lines by known methods of transduction, 
transfection, or coupling to peptide translocating agents such as tat or antcnnapoedia peptides. 

20 In anotfier embodiment, the beta-2 adrenergic receptor-agonist comply specific 

riboreporter is an allosteric intron imbedded in a reporter gene such as GFP or lucif^^e or 
the like. When the mtron-dmved reporter is expressed within the rqiorter gene it renders 
reporter gene expression effector dependent Thus, in one embodiment functional GFP 
protem is expressed only when the beta-2 adrenergic receptor-agonist complex is present m 

25 the cell, and inhibitors of beta-2 adrenergic receptor-agonist complex formation this block 
&nctional GFP protein expression in appropriate cells such as mammalian human peripheral 
blood leukocytes, yeast, insect, or bacterial cell lines. 

In a further embodunent, Chinese hamster fibroblasts, T^^hich do not express beta- 
adrenergic receptors (Sheppard, et al., PNAS USA 80:233-236(1983)), arc transfected with 

30 both the riboreporter and uie gene coding for the bda-adren^gic receptor under a constitutive 
promoter, are used to create a model cell line suitable for HTS screening of candidate beta-2 
agonists. Furthermore, cells can be caused to express known allelic variants, such as ghi27- 
to-glu associated with obesity (Large, et al., J Clin, tovest 100:3005-3013), to create cells 
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lines which model specific disease states. Fxuthennore, chimeric mice can be created by 
"knock-in" (Monroe et ai., Inmiimity 1 1 :201-212(1999)) which will express the riboreporter 
in every cell as the result of blastocyst fusion (Chen et al., PNAS USA 90:4528-4532(1993), 
and used for pharmokinetic or bioavailability studies in which the GPCR activation states of 

5 various tissues in the organism are of concern. 

GPCRs bind antagonists, which cause the GPCRS to become resistant to 
conformational changes, or result in conformations not suscq)tible to activation, or blockade 
the ligand binding domain ifrom interaction with the ^propriate ligand and thus prevent 
activation of the GPCR, such as the beta-2 adrenei^c receptor antagonist butoxamine 

0 (Horinouchi et aL, Pharmacology 62:98-102(2001)). Hence, the invention also provides a 
method for using a riboreporta: to detect conformers which result jfrom binding of GPCRs to 
antagonists. Furthermore, when the cell line described above is transfected with a mutant 
variants of GPCRs which spontaneously adopt the active conformation, such as lys272-to-aIa 
(Pei,et al., PNAS USA 91 :2699-2702(l 994) and references therein) the riboreporter can be 

S employed in a screen for compounds which are beta>2 antagonists (Ramsay et al, Br J 

Pharmacol 133:3 15-323(2001)). Antagonists of the beta-2 receptor are useful in the treatment 
of cardiovascular diseases (Nagatomo, et al., Cardiovasc Drug Rev 19:9-24(2001)). The 
invention accordingly provides a method for using a Beta-2 adrenergic receptor - butoxamine 
complex-specific riboreporter that is used to detect the levels of an antagonist specific 

0 complex in both in vitro biochemical, cell-based, and in vivo assays as described above. 

Riboreporters can also be developed that are specific for the occupancy state of the 
ligand-binding domains of all GPCRs. In addition, riboreporters for &e agonist, antagonist, 
dimeric, or multimeric forms of all GPCRs can be used to screen for inhibitors or activators 
of GPCR fimction and therefore for inhibitors or activators of GPCR-dependent cell signaling 

5 pathways. Riboreporters specific for individual GPCR complexes can be additionally be used 
to screen for agents that modify GPCRs m in vitro and in vivo assays. 

GPCRs are broadly divided into three domains, an extracellular N-terminal, a 
cytoplasmic c-terminal, and a central domain with seven transmembrane helices connected by 
unstructured loops. Upon GPCR activation, loops C-II and C-UI, and helix VII become 

0 cytoplasmically accessible. The methods described herein allow for generating unique 

riboreporters to any GPCRs In addition, methods are described that enable the generation of 
riboreporters capable of recognizing the activated state of the GPCR by selecting for 
riboreporter geometries which signal the presence or absence of the activated conformation of 
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the receptor through recognition of one or all of the mobile domains, but whose signaling 
action is quiescent m the presence of other forms of the GPCR. 

Phosphodiesterase-specific rihoreporters 
5 Multiple classes of phosphodiesterases have been identified in humans. These 

enzymes catalyze a reaction tiiat conv^s second messenger cAMP and cGMP into 5'-AMP 
and 5'-GMP, DifBarent class of PDEs have diflferent substrate specificity as well as different 
physiological function. For example, PDE4s arc specific for cAMP and PDES are specific 
fDrcGMP. 

10 The invention provides multiple classes of PDE rihoreporters. The first class of 

riborqxirters can distinguish cAMP vs. 5'AMP (cGMP vs 5*GMP) (Koizumi, Kerr et al. 
1999) (Koizumi, Soukup et al. 1999). The second class of riboreporter binds to the active site 
of PDE in a class specific manner and inhibits PDE catalytic activity. TTiis class of 
riboreporter can be raised usmg PDEs in the presence and absence of high affinity known 

15 inhibitors (e.g. Ropalim for PDE4). Hie third class of riboreporter recognizes PDE in a class- 
specific (e.g. PDEl-11) or subchss-specific CPDE4A-D) manner. 

Protein kmase-^specific rihoreporters 

The mvention also provides rihoreporters raised against protein kmases. In one 

20 embodiment, the mvention provides rihoreporters that are sensitive to the phosphoiylaticm 
state in a given pqptide sequence. Altonatively, native proteins can be used wifli diflFerent 
phosphorylation states in order to raise rihoreporters that are sensitive to phosphorylation 
state. For example, ERKl/2 and phoqihoiylated ERKl/2 can be distinguish by specific 
rihoreporters (Seiwert, Stmes Nahremi et al. 2000). The riboreporter also can be competitive 

25 inhibitor for kinase by binding at ATP or substrate binding sites. 

Alternatively, an ADP-dq)endent riboreporter can be obtamed at lower pR These 
riborq)orters can be used to detect the production of ADP. 



ii* Pathway Profiling Biosensors 



As shown in Figure 7, physiological fimction is modulated by complex pathways, 
each of which may have multiple overlapping and intersecting steps. Furthemioie, the 
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proteins involved in these pathways are highly homologous and can have overlapping 
substrates and drug specificities. Using current techniques, it is possible only to monitor the 
response of single elements of a pathway. These techniques are inadequate to understand the 
mechanism of drug interactions. For example, a particular drug found to have a particular in 

5 vitro activity against a single target in biochemical assays might interact with other protems 
in the same pathway, or in other unrelated pathways. Consequently, physiological iunction is 
often uncorrelated with the results of biochemical assays of a single target. 

The nucleic acid sensor molecules according to the invention provide reagents to 
simultaneously quantify the level and chemical state of all components in a molecular 

0 pathway As used herein, "pathway target molecules" are target molecules involved in the 
same pathway and whose accumulation/activity! and/or chemical structure is dependent on 
other pathway target molecules, or whose accumulation/activity/ and/or chemical structure 
affects the accumulation/activity and/or chemical structure of other pathway target molecules. 
Pathway target molecules according to the invention include, e.g., proteins, such as enzymes, 

5 modified forms of proteins, such as phosphorylated, sulfated, ribosylated proteins, methylated 
proteins (Arg, Asp; N, S or 0 directed), prenylated proteins (such as by faraesyl, 
geranylgeranyl, and other types of prenylation) acetylated or acylated proteins, cleaved or 
clipped proteins, bound or unbound forms of proteins, allelic variants of a protem (e.g., 
proteins differing fix>m each other by single amino acid changes in a protein), as well as 

0 substrates, mtermediates, and products of enzymes (including both protein and non-protein 
molecules). 

In another embodiment, signature pathway target molecules are identified by pre- 
selecting a plurality of nucleic acid sensor molecules activatable by pathway-specific target 
molecules. In one embodiment, a pathway profiling biosensor is provided comprising at least 

5 one nucleic acid sensor molecule specific for every molecular species within a pathway (e.g., 
a signaling pathway), to g^erate a biosensor which can monitor the levels, chemical 
structure, and/or activity of every molecular species in the pathway. 

Because of the finite numb^ of target molecules (as determined firom data obtained 
fi^m the Human Genome Project) and the high throughput of the biosensors of the instant 

0 invention (greater than 1 0,000 target molecules can be monitored simultaneously), the 
pathway profiling 10 biosensors of the instant invention make it feasible to evaluate the 
response of all the components of a pathway to a drug compound simultaneously. 
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In one embodiment, a pathway profiling biosensor reactive to the components of an 
entire pathway, is contacted with a sample from a patient having a disease, and an optical 
signal corresponding to a disease state is determined to identify signature pathway target 
molecules which are diagnostic of that disease. Samples from a plurality of patients are 

5 obtained and tested using Ac pathway profiling biosensor to identify a pathway profile that is 
diagnostic of &e disease, the pathway profile comprising normalized data relating to any. or 
all of. the level, structure, and activity, of the signature pathway molecules. A pathway 
profile corresponding to a wild type state is determined by testing the pathway profiling 
biosensor molecules s^ainst samples from a population of healthy patients , or subsets of 

0 populations of healthy patients. In one embodiment, data relating to the optical signals 
generated by nucleic add sensor molecules activated by the signature pathway target 
molecules is stored within the memory of a computer or within a computer program product 

The pathway profiles can be used in diagnostic testing as discussed above. In one 
embodiment, a pathway profiling biosensor is used in which the pathway is one li^ich is 

5 known or suspected of being disrupted in patients having a particular trait (e.g., having a 
particular disease or genetic alteration(s)). For example, in one embodiment^ one pathway 
profiling biosensor used to evaluate samples firom a patient with cardiovascular disease is a 
cholesterol metabolism patbway profiling biosensor. However, random combinations of 
patiiway profiling biosensors can be used to assess the physiological state of a patient to 

0 identify signature pathway profiles which are diagnostic of diseases whose molecular basis 
has not yet been id^tified or diaracterized. 

In one embodiment, paQiway profiling biosensors according to the invention are used 
to assess fte affect of a candidate drug on any or all of tiie level, chemical stmcture, or 
activity of signature pathway target molecules to generate a drug treatment pathway profile. 

5 In this embodunent, a pathway profiling biosrasor is contacted with a sample from a cell or 
physiological system (e.g., a group of cells, a tissue system, an organ system, or a pati^t), 
and changes m optical signals are obtained which are correlated any, or all o^ the level, 
ch^ical structure, or activity of a particular pathway target molecule by relating the optical 
signal obtained to the address of the nucleic acid sensor molecule, as desoribed above. In one 

0 embodiment, a drug treatment profile which is substantially similar to a signature pathway 
profile obtained fix>m a healthy population of patients (as determmed by observing no 
significant dififerences in the profile by routine statistical testing, to within 95% confidence 
levels) is used to identify a candidate drug as one which is suitable for finther testing. The 
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profile produced by such a drug is used to produce an effective drug treatment profile^ against 
which other candidate drugs can be compared. 

In another embodiment, a candidate drug is tested against a plurality of pathway 
biosensors including tiie one which will generate a diagnostic signature profile, to identify 
5 drugs which produce an effective drug treatment profile without effecting significant changes 
in other pathway profiles. In this embodiment, the syst^ic effects of a candidate drug can be 
predicted. 

In fiirther embodiments , it is desirable to use a biosensor rq)resenting less than an 
entire pathway. In one embodiment, a biosensor is provided comprising nucleic acid sensor 
10 molecules specific for signature pathway target molecules. In a further embodiment, a 

biosensor is provided which comprises nucleic acid sensor molecules necessary to evaluate 
particular components of a pathway suspected of being involved in a disease. For example, 
compounds being screened to identify candidate drugs that affect ameliorate diseases relating 
to defective DNA repair can be tested against a paAway biosensor comprising only S phase 
15 cell cycle target molecule reactive nucleic acid sensor molecule. 
Exemplary pathway target molecules include, e.g.: 



apoptotic pathways 


Bel, Bak, ICE proteases, lch-1, CnnA, CPP32, APO-l/Fas, 
DR3, FADD containing proteins, perform, p55 tmnor 
necrosis fector (TNF) receptor, NAIP. TAP, TRADD- 
TRAF2 and TRADD-FADD, TNF, D4-GDI, NF-kB, 
CPP32/apopain. CD40, IRF-i, p53, apoptin 


blood dottiQg pathways 


thrombin, fibrinogen, fector V, Factor Vm- FVa, FVma, 
Factor XI, Factor Xia, Factors DC and X, ftrombm receptor, 
thrombomodulin (TM), protein C (PC) to activated protein C 
(aPC). aPC, plasminogen activator inhibitor-i (PAT-i), tPA 
(tissue plasminogen activator) 


calcium signaling i 


pathways 


calmodulin, calcineurin. 


Cell cycle 


GO 


MPS, CYTOSTATlCFACrQR(CSF) (INCUJDINGMOS) 


Pathway 


Gl 


mid GI phase: cdk4/cycin DK3 and cdk6/cyclin Dl-3 

late G 1 phase: cdk2/cycin E 

others: p53, p21, pi 6, Rb, p2'l, E2F, Cdc25A, Cdc25B 




S 


cyclin A/CDK2, cyclin B/Cdc2, SPA-i, Cdc25A, Cdc25B 




G2 


G2/M transition phase: cdkl/cyclin B 1-3, cdkl/cyclin A, 
Cdc25A. Cdc25B, Cdc25C. PIN!, Chki, Myt 1. Wee 1 




M 


Cdc2/cyclin B, Plk, Cdc25C, 


Cholesterol metabolism pathway 


LDL, LDL-rcccptor, VLDL, HDL, cholesterol 
acyltransferase, apoprotein E, Cholestcryl esters, ApoA-I 
and A-Il, HMGCoA reductase, cholesterol 


Flt-3 pathway 


flt-3 pathway flt-3, GRP-2, SHP-2, SHIP, She 


JAK/STATS signaling pathway 


Jakl, Jak2, IL-2, IL-4 and Jak3, Ptk-2, Tyk2, EPO, GH, 
prolactin, IL-3, GM-CSF, G-CSF, IFN gamma, LW, GSM, 
IL-12 and IL-6, IFNR-alpha, BFNR- gamma , IL-2R beta , IL- 
6R, CNTFR, Stat 1 alpha, Stat 1 beta . and Stats2-6 


MAP kinase signaling pathways 


flt-3, ras, raf, Grb2, Erk-i, Eik-2, and Src, Efb2, gpl30. 
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MJ&&-ly WUiKrl, DSp y\), JNK, p3o, bin!» otyi/Spcly MKK 

MAPV AP lriTn»Q#»-7 TMVTQAPV 
ivi/Axrw/Vi KaiiaSc-z^ J iN JSJLo/VJr iv. 


P53 oathwav 


uoA, Diu, caspascs. cyiocurome c 


PI 3 kinase pathway 


SHIP.Akt 


ras activation pathways 


pl20-Ras GAP, neurofibromm, Gq>i, Rat-GDS» Rsbs 1, 2» 
and 4, Rinl, MEKK- 1, and phosphatidyltnositoI-3-OH 
kinase (P13K), ras 


SIP signaling pathways 


GRB2, SIP, ras, PI 34dnasc 


SHC signaling pathways 


trkA, trkb, NGF, BDNF, Nr-4/5, tikC, fNT-3, She, PLC 
gamma I, P1.3 kinase, SNT. ras, lafi, MEK and MAP kinase 


TGF-13 signaling pathways 


BMP, Smad 2. Smad4, activin, TGF 


T-cell receptor complex 


let &n, CD4, CDS, T cell receptor protems 


MHC-I pathways 


TAP proteins, LMP 2, LMP 7, gp 96, HSP 90, HSP 70 



If desired, target activatable sensor molecules (also referred to herein as riboreporters) 
can be raised against particular amino acid sequences in the polypeptides. Some 
representative peptide regions are presmted below. 

5 



Sequence 


enzyme 


L-R-A-S-L-6 (SEQ ID NO:52) 


PKA 


A-A-K-I-Q-A-S-F-R-G-H-M-A-R-K-K (SEQ ID 
NO:53) 


PKC 


P-K-T-P-K-K-A-K-K-USEQ ID NO:54) 


cdc2 


E-P-P-L-S-Q-E-A-F-A-&.Ir.W-K-K(SEQ ID 
NO:55) 


DNA-PK 


D-D-D-E-E-S-I-T-R-R(SEQ ID NO:56> 


CK-1 


R-R-R-E-E-E^-T-E-E-E (SEQ ID NO:57) 


CK-2 


K-K-A-L-R-R-Q-E-T-V-D-A-L (SEQ ED NO:58) 


CaMKn 


S-T-K-V-P-Q-T-P-L-H-T-S-R-V (SEQ ID NO:59) 


P38 


R-R-R-R-S-M-F-I (SEQ ID NO:60) 


PKA 


R-R-R-R-R-K-G-S-F-R-R-K-A (SEQ ID NO:61) 


PKCa 


R-K-L-K-R-K-G-S-F-R-R-K-A (SEQ ID NO:62) 


PKCpI,n 


R-R-R-R-R-K-G-&-F-K-K-F-A (SEQ ID NO:63) 


PKCy 


A-A-R-K-R-K-G-S-F-F-Y-G-G (SEQ ID NO:64) 


PKC5 


Y-Y-X-K-R-K-M-S-F-F-E-F-D (SEQ ID NO:65) 


PKCb 


A-R-Lr-R-R-R-R-S-F-R-R-X-R(SEQ ID NO:66) 


PKCn 


R-R-F-K-R-Q-G-S-F-F-Y-F-F (SEQ ID NO:6T> 


PKCC 


A-A-L-V-R-Q-M-S-V-A-F-F-F (SEQ ID NO:68> 


PKCu 


K-R-Q-Q-S-F-D-L-F (SEQ ID NO:69 


CaMKn 


F-R-M-M-S-F-F-L-F (SEQ ID NO:70) 


Phosphorylase 
kinase 


R-R-F-G-S-Lr-R-R-F (SEQ ID NO:71 


SLKl 


R-R-R-H-S-R-R-R-R (SEQ ID NO:72) 


SRPK2 


R-K-R-X-R-T-Y-S-F-G (SEQ ID NO:73) 


AKT/PKB 



In one embodiment, a pathway biosensor array is generated comprising target 
activatable nucleic add sensor molecules which are activatable by components of a cell cycle 
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pathway. In this embodiment, a cell cycle biosensor is generated comprising nucleic acid 
nucleic acid sensor molecules activatable by at least two memb^ selected from the group 
consisting of: MPS, Cytostatic factor (CSF) (including Mos), cdk4, cyclins Dl-3, cdk6, cdk2, 
cyclin E, p53, p21, pi 6, Rb, p2'7, E2F, cyclin A, cyclin B, cdkl, cyclin Bl-3, Cdc2, SPA-1, 

S and other biomolecules Involved in cell cycle regulation. 

In another embodiment, the cell cycle biosensor array generated is used to evaluate 10 
samples from patients suspected of having a disorder affecting cell proliferation (e.g., cancer) 
and a signature target molecule profile is detemiined which is diagnostic of this disorder. 
Changes in the signature target molecule profile upon treatment with a candidate compound 

0 are subsequently monitored by any or all of in vitro, ex vivo, and in vivo methods, as 
described above, to identify and/or validate lead compounds for use in cancer therapies. 

In fiirther embodiments, a cell cycle biosensor is provided comprising a plurality of 
locations, each location comprising a set of nucleic acid sensor molecules activatable by 
target molecules which identify a different portion of the cell cycle. Thus, in one 

S embodiment, a cell cycle biosensor comprises at a first location, nucleic acid sensor 

molecules activatable by GO specific target molecules (e.g., MPS, Cytostatic factor (CSF) 
(including Mos)), at a second location, nucleic acid sensor molecules activatable by Gl 
specific target molecules (cdk4, cyclm Dl-3, cdk6, cdk2, cyclin E, p53, p21, pl6, Rb, p27, 
E2F), at a third location, nucleic acid sensor molecules which are activatable by S specific 

0 target molecules (e,g., cyclin A/CDK2, cyclin B/Cdc2, SPA-), at a fourth location, nucleic 
acid sensor molecules activatable by G2 specific target molecules (e.g., cdkl, cyclin B 1-3, 
cyclin A), and at a fifih location, nucleic acid sensor molecules activatable by M specific 
target molecules (e.g., Cdc2, cyclin B). In this way the efiTects of diseases and/or drugs on 
specific phases of the cell cycle can be assessed. 

5 Sunilarly, pathway specific biosensors can be graerated for any of apoptotic 

pathways, blood clotting pathways, calcium regulation pathways, cholesterol metabolism 
pathways, the fit-5 3 pathway, JAKISTATS signaling pathway, MAP kinase signaling 
pathways, p53 pathway, PI 3 kinase pathway, ras activation pathways, SIP signaling 
pathways, SHC signaling pathways, TGF-13 signaling pathways, T-cell receptor complex, 

0 and MHC-I pathways, using exemplary target molecules listed above, or other target 
molecule components of the respective pathways. 
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It should be apparent to fliose of ordinaiy skill in the art, that many other pathwajrs 
exist Tvhose components have been characterized and that target molecules within these 
pathways are 

also encompassed within the scope (e.g^ mcluding, but not limited to, phosphatase 

5 pathways, transcription factor pathways, hormone dep^dent pathways, as well as 
intermediary metabolism pathways, and developmental pathways). Further, additional 
pathways can be identified usmg flie nucleic acid based biosensor profiling techniques 
discussed above (e.g., identifying pathway molecules involved m the fimctionmg of a wild 
type or diseased organ system, such as the cardiovascular systraa, central nervous system, 

0 digestive system, reproductive system, pulmonary system, skin system, and the like), and 
tiiese also are encompassed withm the scope of the invention* 

Alternatively, or additionally, pathway specific molecules can be identified by other 
techniques known m the art (see, e.g., U.S. Patent Number 6,087,477, U.S. Patent Number 
6,054,558, UJS. Patait Number 6,048,709, and U.S. Patent Numba- 6,046, 165) and used to 

5 engmeer additional pathway target acti vatable nucleic acid sensor molecules. Because there is 
a fibnite number of pathway target molecules in each pathway (constrained by the absohite 
numba* of gene products which have been identified (see, e.g., Drews, Science 287: 1960- 
1964), it is feasible usmg tiie target activatable nucleic acid sensor molecules to generate 
bios^isors represoitative of an entire patiiway. 

0 In fiirdier embodiments^ sets of pathway biosensors are used to monitor the 

expresdon/activity of target molecules rqxresratmg complex systems. Thus, for example, the 
efiect of target molecules on tiie cardiovascular system and pulmonary systmi can be 
monitored snnultaneously. In one embodiment; an array rq)resentative of a phirality of 
systems m the human body is used m metiiods to assess the effects of drug craipounds on 

5 multiple systems in the body. 



ill* Using Pathway Nnddc Acid Sensor Molecnles in Drug Optimization 

The pathway nucleic acid sensor molecules accordmg to the mventicm can be used in 
every step of a drug optimization process, as shown m Figure 8, and are suitable reagents for 
use in conventional high throughput screemng systems making tiiem extremely adaptable for 
use alone, or in conjunction with, other drug development assays. 
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Step 1. Drag Target Discovery or Drug Target Validation 

As discussed above, pathway nucleic acid sensor molecules can be used to identify 
signature target molecules which are diagnostic of particular traits, such as disease* Signature 

S target molecules are drug targets whose levels, structure^ and/or activity can be used to 
evaluate the efficacy of compounds. A large number of signature drug targets, both 
characterized and uncharacterized, can be identified simultaneously using a single pathway 
biosensor according to one embodiment. In one embodiment, a pathway biosensor recognizes 
and be independently activated by about 1-5,000 molecules. In another embodiment, a 

0 pathway biosensor recognizes and be independently activated by about 500-10,000 
molecules, and in one embodimoit, by greater than 10,000 molecules. 

Step 2. ffigh Throughput Screening 

5 In one embodiment, tiie drug targ^ identified in step 1 are evaluated in high 

throu^put screening assays, using either solution*based biosensors or substrate-based 
biosensors, to charactmze the biological activity of a drug target For example, in one 
embodiment, nucleic acid sensor molecules are used to assess levels of substrate, product and 
intermediates produced by an enzyme in a wild type vs. a disease state, to identify other 

0 components of a pathway that would be aflfected by a drug acting on that target (i.e., 

secondary drug targets). In another embodiment, the levels, structure, and/or activity of all of 
the modified forms of a drug target, or the active and inactive forms of a drug target (e.g., a 
receptor) is determined in a wild type vs. a disease state, to further develop a diagnostic 
profile of a signature pathway target molecule and to evaluate changes of that profile in the 

5 presrace of a drug. 

In a fijrther embodiment, the same type of pathway biosensor used to identify a 
diagnostic profile is contacted with samples firom patients exposed to a compound. A 
compoxmd-treated sample which produces substantially similar levels, structure, and/or 
activity of target and secondary drug targets in a sample from a healthy patient is used to 

0 identify a compoimd as a candidate drug. Because this testing is done in a hi^ throughput 
format, a single dose of a candidate drug is evaluated in any given test 
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Step 3* In Vitro Biochemical Assays 

In one embodiment, the nucleic acid sensor molecules used in step 2, are tested in an 
m vitro biochemical assay to determine compoimd potency. In this embodiment a 
5 preliminary dosing effect is determined to identify the IC50 of candidate drag. In one 

embodiment, multiple biosoisors of the type used in step 2 are contacted with samples from 
patients exposed to different doses of the candidate drugs identified in step 2, to identify 
candidate drugs with the highest potaicy (e.g., requiring the least amount of drug to generate 
a wild tj^ profile or an effective drug profile. 

0 

Step 4. CeBnlar Assays 

In one embodimenl^ nucleic acid sensor molecules are used in cellular assays 
where the effect of adding a compound on cell physiology is known and the researcher wants 

5 to determine that the drug is in &ct acting through the drug target selected in steps 1 -3. Here 
a candidate drug is added to a physiological system (e.g., cell(s), tissue(s), OTgan(s), or a 
patient). Cells fit>m the physiologicid system are lysed and the substrate or iMt>duct of an 
enzyme reaction is mcniitored using the nucldc acid sensor molecule either in an EUSA 
format or oth^ solid support-based format (e.g., a pathway profiling array) or a solution 

0 phase format In another embodiment, cell lysates are contacted with a pathway profiling 
biosoisor q)ecific for a target or pathway of int^^ to d^ermine the inx>file of target 
molecules in the lysed sample. The profile is then compared to the wild type profile and the 
disease profile to determine if the drug is operating in vivo to restore a cell to its wild fype 
state. Thus, the physiological effect of a candidate drug on a physiological system is 

5 conelated with the in vivo mechanic of action of the candidate drug. 

In a profaned embodiment, molecular pathway profiUng arrays comprised of nucleic 
acid SQQSor molecules afBxed to a solid support are used in cellular assays to detennine tiie 
selectivity of a compound for one target in a pathway relative to other candidate targets m a 
signal transduction pathway(s) or m another biochemical padiway(s). This data can be used to 

0 validate a drug lead or drug target 

In one embodiment, nucleic acid sensor molecules are expressed in vivo or 
intracellularly using plasmids, viruses or otfa^ extra-chromosomal DNA vectors and tiie 
celliilar nucleic acid sensor molecules are extracted and used to determine the activity of a 
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drug or drug target These cellular assays can also determine the selectivity of a compoimd 
for one target in a pathway relative to other candidate targets in a signal transduction 
pathway(s) or in another biochonical patfaway(s). This data can be used to validate a drug 
lead or drug target 

5 

Jn vivo detection: 

With (Amersham) SPA scintiUant beads coupled to nucleic acid sensor molecules, can 
look at cellular processes in situ in real time, by culturing cells directly onto a microtiter plate 
and allowing uptake of scintiUant beads and radioisotope by cells. Can dien monitor 
10 biosynthesis, proliferation, drug uptake, cell motility, etc. via luminescence generated by 
beads in presence of selected target 



Step 5. Medicinal Chemistrv 



15 In one embodiment, drug-lead potency, specificity, and/or in vivo activity is 

optimized by an iterative repetition of any or all of steps 1-4. In one embodiment, steps M 
are repeated until the desired potency, selectivity and in vivo mechanism of action of a 
candidate drug is obtained. Potency can range from picomolar aflBnity to nanomolar afBnity 
as measured by m vitro 1C50 values. TTic desired selectivity of a drug candidate for its target 

20 can vary from 2 to a million-fold, and can be obtained by measuring the potency (IC50) of a 
drug lead toward the drug target, versus the drug's potency (1C50) values agamst otiier 
pertinent targets (target pertinence is determined by the requirements of the biological system 
undCT investigation). A drug lead is deemed optimal when the parameters of potency, 
selectivity and cellular action are optimized with respect to each other. 

25 In another embodiment, known drug leads from Step 6 are found to be specific for 

targets that were not known to the researcher in step 2. This is also termed target discovay 
and validation, and occurs when steps 1-4 are repeated in an iterative fashion of any or all 
steps and the drug target is identified by the pathway profiling array to, in fact, exist in an 
ahemative signal transduction pathway, or to be a novel protein or enzyme in the pathway 

30 origmally under investigation. Thus, MPP arrays can identify tiie site of action of a drug lead, 
and can determine the relative selectivity of a drug for one drug target of drug target pathway. 
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Step 6* Animal Model Assays 

In this embodiment a target cells (e.g., tissue(s)) are removed from an animal model 
of the disease being targeted for treatment and lysed for testing. Hie lysate is contacted with 
5 nucleic acid sensor molecules either in a solid phase assay, a solution phase assay, or in a 
pathway profiling biosensor array format to assess the in vivo biological activity of a 
candidate drug identified by any of the previous steps or by some other method, on a target or 
pathway. Thus, in this embodiment, the physiolo^cal effect of a drug on a diseased or nonnal 
tissue is correlated yndh the in vivo medianism of action of the drug. 

10 

Step 7. Optimization of the Prog Lead 

In one embodiment drug-lead pot^cy, specificity, and/or in vivo activity are 
optimized by an iterative rq)etition of any or all of stqps 1-6. In one embodiment, steps 1-5 
15 are repeated until the desu-ed potency, selectivity and in vivo mechanism of action of a 
candidate drug are obtamed. 

Steps. PharmacoMiietic Stttdics 

20 In one embodimm^ tiie nucleic acid sensor molecules are used in pharmaco-Unetic 

studies, whm the effect of a drug on tiie physiology of a cell, group of cells, tissue(s), 
organ(s), or animal model is assessed by obtaining blood, plasma, tissue, or a cell, and 
contacting this material with nucleic acid seasor molecules either in a solid phase (e.g., 
ELISA), solution or array format to assess the in vivo pharmacological or toxicological 

25 acthrity of a compound. In this embodiment, the nucleic acid sensor molecules used are 
developed against the candidate drug itself its metabolic products, and! or the metabolic 
products of proteins and small ligands involved in a xenobiotic or toxological response to 
drug treatment 

In one embodiment nucleic acid sensor molecules are employed to follow the fate of 
30 a drug or its metabolic by-products. In this embodiment nucleic acid sensor molecules are 
generated to tiie drug and its metabolites. The drug is admmistered to the test animal either ^ 
subcutaneously, mtraperitoneally or by gavage. Subsequent to administration, the blood 
plasma or disease tissue is removed and its contents are screened for the remaining drug by 
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Liquid chromatography (LC) or LC-mass spectrometry. Drug exposure is then determined as 
a function of time, dose and method of administration and is reported in values of half-life, 
bioavailability, AUC and Cmax. Metabolic products of a drug lead can be similarly foUoT^ved. 
Nucleic acid s^or molecules generated against enzymes or proteins known to Uxose 
5 skilled in tfie aft to be involved in drug metabolism (P45 0 enzymes, multi-drug transporter) 
can be used to follow the effect of a drug on xenobiotic or toxological response to drug 
treatment 

Step 9» QptimizatioB of the Drag Lead 

0 

In one embodimwt, drug-lead potency, specificity, and/or in vivo 10 activity, and 
pharmacokinetic, or toxological properties are optimized by an iterative repetition 
repetition of any or all of steps 1-7. In one embodiment, steps 1-7 are repeated until the 
desired potency, selectivity and in vivo activity and pharmaco-kinedc^ or toxological 
S properties of a candidate drug are obtained. 

Step ID. Clinical Trials 

In one embodiment, nucleic acid s^or molecules are used in clinical trials to 
0 determine the fate of a drug in human or animal models, or used to follow the effect of drug 
treatment on a target or molecular pathway of choice, as desoibed above. In one 
embodimoit, the nucleic acid sensor molecules, in a solid phase assay (e*g., ELISA format), a 
solution phase assay, or in a pathway profiling biosrasor anray format, are used to assess the 
in vivo biological activity of a drug bemg tested using lysed cell samples as described above, 
5 In another embodiment, the appropriate pathway profiling biosensor is used in vivo, 

to monitor the effects of the compound on the patient for example, by providing the 
biosensor in commimication with a fiber optic probe mserted mto the patient, or ex vivo, 
monitoring optical signals in a cell using a mioroscope based detection system. In anoth^ 
embodiment, an in vivo assay is done by introducing a nucleic acid sensor molecule which 
0 retains its catalytic activity into a physiological system (e.g., by injection at a target site in tiie 
body, through liposome carriers, and other means of administration routinely used in the art), 
obtaining cells firom the physiological system and detecting the effect of the compound on the 
catalytic activity of tiie nucleic acid sensor molecule (e.g*, by evaluating the sequence of the 
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nucleic acid sensor molecule) as a means of detennining the level, structure, or actiAdty of a 
drug target and relating the level, structure, or activity or the target molecules to the eflBcacy 
of the drug. 

5 Step 11, Optimizalion of the Drag Lead 

hi one embodiment, any or all of steps 1-10 are repeated to further optimize the 
properties of the candidate drug. 

10 Step 12. Diagnostic Applications 

In one onbodiment, individuals who would be suitable for treatmmt with the 
candidate drugs identified steps 1-1 1, are id^tified using nucleic acid sensor molecules in the 
diagnostic assays discussed previously. 

15 

Step 13. Chemical Genomics 

In one embodimoit; nucleic acid sensor molecules are used in chemical genomic 
assays m which a drug or plurality of drug leads, witii known or unknown physiological 
20 e£G9cts, and wifli unknown targets, are contacted wi& a physiological system and ttie site of 
action of the drug or plurality of drugs is determined usmg a plurality of the projSling 
biosensors or pathway profiling biosensors described previously. Drug optunizati(m then 
occurs as in stepsI-1 1. 

25 5. Use of Target Activated Biosensors in Target Molecule Separation 

hi addition to, or instead o( tfieir use in detection methods, and drug discoveiy 
methods, the target activated bios^ors according to the invention can also be used to 
retrieve the target molecules to vAdda^ they specifically bind. Additional embodiments 
30 exploiting the binding capacity of the biosensors disclosed are contemplated and 
encompassed within fhe scope. 
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Reagents for Generating and Using Nucleic Acid Sensor Molecales 

In one embodimmt, reagents are provided for generating and using nucleic acid 
sensor molecules. In one embodiment, a kit is provided comprising standardized reagents for 
5 making and/or using tiie nucleic acid sensor molecules according to tiie invention. In one 
embodiment^ the kit comprises at least a first nucleic acid sensor molecule whose optical 
properties change upon binding of a target molecule. In another embodiment, the kit 
additionally comprises any of: a control target molecule, a second nucleic acid sensor 
molecule which binds to a different target molecule, suitable buffers, printed instructions, and 

10 combinations thereof. In a fiirther embodiment, a nucleic acid sensor molecule is provided 
with reagents for attaching a label and/or quencher or with reagents for attaching charge 
transfer molecules to Hhc nucleic acid sensor molecule, which can sensitize the optical 
properties of the nucleic add molecule to the presence of a target molecule. 

In another embodiment, a composition is provided comprising a tai]get molecule and a 

IS nucleic acid sensor molecule. The composition provides a reference against which to 

compare modified nucleic acid s^sor molecules which bind to the same target, in order to 
select those with higher afiBnities for the target. In a fiuther embodiment, sets of complexes 
are provided. In still a fiirther embodiment, a set of pathway target molecules and sensor 
molecules are provided. In another embodiment, a set of profiling target molecules and 

20 nucleic acid sensor molecules are provided. In still a fiirther embodiment, solid supports are 
provided for isolation of target molecules firom nucleic acid sensor molecules. 

In yet another embodiment, a computer program product is provided comprising 
stored data relating to optical signals generated by profiling and or pathway target molecules. 
In another embodiment, a means to compare tliis data to other optical signals is provided In a 

25 fiirther embodiment, the memory comprises data relating to patient information or chemical 
structure information relating to either target molecules or nucleic acid sensor molecules. 

The nucleic acid sensor molecules and target activated biosensors according to the 
invention are amenable for use with high throughput screening systems and methods and the 
use of the nucleic acid sensor molecules and target activated biosensors in these systems and 

30 methods is encompassed within the scope . In one embodiment, the system is a robotic 
workstation, comprising, at least one of an: arrayer, microplate or microarray feeders, 
stackers, washers, and dispensers, an optical system, a carousel, a conveyer for conveying 
microplates or microarrays from one part of the system to another (in a vertical or horizontal 
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direction), a shaker system or oflier mixing system, a temperature control system, a 
synthesizer, a solid phase extraction system, and sample coocCTtrators. Components of the 
robotic worlcstation can be part of a single integrated systcai or can be provided separately for 
use at any stage of the drug optimization process according to the invention. In a further 
5 embodiment, the system comprises a processor connectable to the network which comprises 
or can access applications comprising stored data relating to projBling information obtained 
using nucleic acid sensor molecules according to the invention^ and/or statistical applications, 
applications for performing structure/activity analysis of target molecules and nucleic acid 
sensor molecules, applications for performing nucleic acid sequence alignment and 
10 simultaneous stracture superposition of proteins (e.g., MOE-Align'TM), fiqjplications for 
predicting binding conformations of molecules to receptor structures, and applications for 
controUmg the processing fonctions of tiie robotic workstations. 

The inv^tion is further illustrated in the following non-limiting examples. 

IS Example 1. Preparation of an array of immobOized effector oligonucleotides 

The following protocol describes a method for preparing an array of immobilized 
effector oligonucleotides with terminal amine groups to a solid substrate derivatized with 
aldehyde groups. The resultmg array can then be used to spatially address (i.e., the sequence 
of nucleotides for each effector oligo can be synthesized as a cognate to a ribozyme sensor 

20 specific for a particular target molecule) and immobilize the ribozyme sensor molecules prior 
to use in a solid^phase assay (see, 6.g., Zammatte et al., 2000): 

Protocol for attachment of oligonucleotides to aldehyde substrate fwww.arravitcom'^: 

1 . print discrete spots of solution containing oligonucleotides with amine-reactive 
25 terminal groups or linkers with terminal amine groi^)s using microarraying pins, 

pq[>ettc, etc. 

2. aUow substrate to dry for 12 iurs. at room temperature and < 30% relative humidity. 

3. rinse substrate 2 times mdH20 with 0.2% SDS for 2 min^witii vigorous agitation at 
room temperature. 

30 4. rinse substrate 1 time in dH20 for 2 min. with vigorous agitation at room temperature. 

5. transfer substrate to boiling (100 degrees C) dH20 for 3 mm. to dmature DNA. 

6. dry substrate by centri&gation at 500x g for 1 min. 
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10 



7. treat substrate in OA M NaBH4 in phosphate bujBFered saline (PBS, pH 7) for 5 min* 
with mild agitation at room temperature. 

8. rinse substrate 2 times in dH20 with 02% SDS for 1 min. with vigorous agitation at 
room temperature* 

9. rinse substrate 1 times in dH20 for 2 min. with vigorous agitation at room 
temp^ature. 

10. transfer substrate to boiling (100 degrees C) dH20 for 10 sec. to denature DNA. 

1 1 . dry substrate by centrifiigation at 500x g for 1 min. 

12. store oligonucleotide-bound substrate at 4 degrees C prior to hybridization. 



If desired, the nucleic acid sensor molecules can be allosteric ribozymes which ligate 
or self-cleave a substrate in the presence of a target molecule (see Figures 2A and B for the 
ligater» Figure 5 for the cleaver). Here, the ribozymes are bound to a solid substrate directly 
via tiieir 3* termini. The attachm^t is accomplished by oxidation (using, e.g., Na periodate) 

15 of the 3* vicinal diol of the ribozyme to an aldehyde group. This aldehyde group will react 
with a hydrazide group to form a hydrazone bond. The hydrazone bond is quite stable to 
hydrolysis, etc., but can be fiuther reduced (for example, by treatment with NaBH4 or 
NaCNBH3). The use of adipic acid difaydrazide (ADH^ a bifimctional linker) to derivatize an 
aldehyde surface results in a hydrazide-derivatized surface which provides a linker between 

20 fte substrate surfece and pomt of biomolecular attadmient of approximately 1 0 atoms (see 
Ruhn et al., 1994; O'Shaughnessy, 1990; Roberston et al., 1972, Schlucp et al., 1999; Chan et 
al., 199S)* Preparation of a hydrazide-terminated sur&ce via ADH treatmmt can be 
accomplished by treating an aldehydcKlerivatized substmte according to the foUoviring 
protocol: 

25 

Protocol for ADH treatment of aldehyde substrate: 

L to 50 mL of 0.1 M phosphate buffer (pH 5), add 1 00-fold excess of adipic acid 

dihydrazide (ADH) relative to concentration of aldehyde groups on substrate surface. 
2. place substrate in a 50 mL tube containing the ADH in phosphate buffor and shake 
30 mixture for 2 hrs. 

3* remove tiie substrate and wash 4 times with 0.1 M phosphate buffer (pH 7). 
4. reduce fiee aldehyde groups on substrate surface by placing substrate in a 50 mL tube 
contaming a 25-fold excess of NaBH4 or NaCNBH3 in 0.1 M phosphate buffer. 
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5. shake mixture for 90 min. 

6. wash 4 times with 0.1 M phosphate buffer (pH 7). 

7. store ADH-treated substrates in 0.1 M phosphate buffer (pH 7) at 4 degrees C. 

5 Preparation of tiie nucleic add molecules for specific coupling to the ADH-terminated 
sur&ce via their 3' termini can be accomplished accordmg to the following protocol (see, 
Ptoudnikov et al., 1996; Wu et al., 1996); 

Protocol for Periodate oxidation of RNA: 
0 1 . dissolve up to 20 micrograms of RNA in 5 microliters ofHZO at 20 degrees C. 

2. add 1 microliter of 0.1 M NaI04 (--20-fold excess relative to RNA). 

3. incubate for 30 min. in a light-tight tube or enclosure. 

4. add 1 microliter of 02, M Na sulphite (-2-fold excess relative to NaI04) to stop 
reaction. 

5 5. incubate for 30 min. at room temperature. 

ethanol precipitate or use spin-separation column to recover oxidized RNA. 

Example 2. Sdection for a Riboreporter Selective for the Estrogen Receptor LBD 
A RiborqKMter specijBc for the estrogen receptor ligand binding domain (LBD) is 
10 obtained by identifying candidate nucleic acids that bind to an estrogen receptor USD. 

The full length goie for the estrogm receptor is known. One source of the full-loigtfa 
estrogen receptor clone is Acc. No. M12674 (see also Greene et al.. Science 231:1 1S0-S4, 
1986). The clone includes a 2092 nucleotide mRNA with the following sequence: 

15 1 gaattccaaa attgtgatgt ttcttgtatt tttgatgaag gagaaatact gtaatgatca 

61 ctgtttacac tatgtacact ttaggccagc cctttgtagc gttatiacaaa ctgaaagcac 
121 accggacccg caggctcccg gggcagggcc ggggccagag ctcgcgtgtc ggcgggacat 

181 gcgctgcgtc gcctctaacc tcgggctgtg ctctttttcc aggtggcccg ccggtttctg 

241 agccttctgc cctgcgggga cacggtctgc accctgcccg cggccacgga ccatgaccat 

;o 301 gaccctccac accaaagcat ctgggatggc cctactgcat cagatccaag ggaacgagct 

361 ggagcccctg aaccgtccgc agctcaagat ccccctggag cggcccctgg gcgaggtgta 

421 cctggacagc agcaagcccg ccgtgtacaa ctaccccgag ggcgccgcct acgagttcaa 

481 cgccgcggcc gccgccaacg cgcaggtcta cggtcagacc ggcctcccct acggccccgg 

541 gtctgaggct gcggcgttcg gctccaacgg cctggggggt ttccccccac tcaacagcgt 

\S SOI gtctccgagc ccgctgatgc tactgcaccc "ccgccgca'^ ct*^tc"Gctt tcct'^ca'^cc 

661 ccacggccag caggtgccct actacctgga gaacgagccc agcggctaca cggtgcgcga 

721 ggccggcccg ccggcattct acaggccaaa ttcagataat cgacgccagg gtggcagaga 

781 aagattggcc agtaccaatg acaagggaag tatggctatg gaatctgcca aggagactcg 

841 ctactgtgca gtgtgcaatg actatgcttc aggctaccat tatggagtct ggtcctgtga 

SOI gggctgcaag gccttcttca agagaagtat tcaaggacat aacgactata tgtgtccagc 
961 caccaaccag tgcaccattg ataaaaacag gaggaagagc tgccaggcct gccggctccg 
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1021 caaatgctac gaagtgggaa tgatgaaagg tgggatacga aaagaccgaa gaggagggag 
1081 aatgttgaaa cacaagcgcc agagagatga tggggagggc aggggtgaag tggggtctgc 
1141 tggagacatg agagctgcca acctttggcc aagcccgctc atgatcaaac gctctaagaa 
1201 gaacagcctg gccttgtccc tgacggccga ccagatggtc agtgccttgt tggatgctga 

5 1261 gccccccata ctctattccg agtatgatcc taccagaccc ttcagtgaag cttcgatgat 

1321 gggcttactg accaacctgg cagacaggga gctggttcac atgatcaact gggcgaagag 
13 81 ggtgccaggc tttgtggatt tgaccctcca tgatcaggtc caccttctag aatgtgcctg 
1441 gctagagatc ctgatgattg gtctcgtctg gcgctccatg gagcacccag tgaagctact 
1501 gtttgctcct aacttgctct tggacaggaa ccagggaaaa tgtgtagagg gcatggtgga 

0 1561 gatcttcgac atgctgctgg ctacatcatc tcggttccgc atgatgaatc tgcagggaga 

1621 ggagtttgtg tgcctcaaat ctattatttt gcttaattct ggagtgtaca catttctgtc 
1681 cagcaccctg aagtctctgg aagagaagga ccatatccac cgagtcctgg acaagatcac 
1741 agacactttg atccacctga tggccaaggc aggcctgacc ctgcagcagc agcaccagcg 
1801 gctggcccag ctcctcctca tcctctccca catcaggcac atgagtaaca aaggcatgga 

5 1861 gcatctgtac agcatgaagt gcaagaacgt ggtgcccctc tatgacctgc tgctggagat 

1921 gctggacgcc caccgcctac atgcgcccac tagccgtgga ggggcatccg tggaggagac 
1981 ggaccaaagc cacttggcca ctgcgggctc tacttcatcg cattccttgc aaaagtatta 
2041 catcacgggg gaggcagagg gtttccctgc cacag^ctga gagctccctg gc (SBQ ID 

N0:9> 



The polynucleotide encodes a polypeptide with the following amino acid sequence: 

immiHTKASQ^ALLHQIQGNBLBPIiNRPQLKIPLBRPLGB^ 

TGLPYGPGSEAAAFGSircLGGFPPWSVSPSPIiMLLHPPPQLSPFLQPHGQQVPyYLENE^ 

RPKSDNRRQGGRBRLASTm>KGSMAMBSAKETRYCAVan3YASGYHYGVWS 

QCTIDKNRRKSCQAaiIJUCCYBVG>!MKGGIRKDRRGGR^ 

SKKNSl^SLTADQMVSAriLDAEPPILYSEyDPTRPPSBASMMGU^TNL^ 

VHIlLECAWI»EIlMIGLVWRSMEHPVKLLFAPNIJ*IlDRNQGKCVEG^^ 

IILIlNSGVYTFLSSTLKSLBBKDHIHRVLDKITDTLIHL^OJCAGLT^ 

YSMKCRNVVPI»yDIJiLSiaj>AHRIiHAPTSR6GASVBBTDQSH^ (SEQ 
ID NO: 10) 



The gene encoding either full length ER or the ligand binding domain is cloned and 
expressed in BL21 (DE3)-pLysS E. coli cells [Shiau AK, Barstad D, Loria PM, Cheng L, 
Kushner PJ, Agard DA, Greene GL. Cell. 1998 Dec 23;95(7):927-37.]. Human ERalpha 
LBD (residues 297-554) are purilBed from estradiol-sepharose column by published 
procedures [Shiau AK, Barstad D, Loria PM, Cheng L, Kushner PJ, Agard DA, Greene GL. 
CelL 1998 Dec 23;95(7):927-37.]. ER-LBD complexes are then formed upon 1 :1 
complexmg with estrodiol, or with tamoxifen. 



Example 3. Selection of riboreporters which are activated by ER-LBD not bound to 
ligand 

A library of up to 10^^ variants of in vitro synthesized ribozymes is allowed to react 
with purified apo-ER-LBD at a final concentration of luM. Selection of allosterically 
activated ribozymes is carried out by procedures outlined in prior examples. 
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Example 4. Selection of riboreporters which are activated by the £R-LBD-Estradiol 
comply 

A library of up to 10^^ variants of in vitro synthesized ribozymes is allowed to react 
5 with purified ER-LBD-estradioI at a final complex concentration of 1 uM. Selection of 
allosterically activated ribozymes is carried out by procedures outlined m prior examples. 



Example 5. SelectioD of Riboreporters which are activated by the ER-LBD-tamoxifen 
complex. 

10 

A library of up to lO'^ variants of in vitro synthesized ribozymes is allowed to react 
with purified ER-LBD-estradiol at a final complex concentration of luM. Selection of 
allosterically activated ribozymes is carried out by procedures outlined in prior examples. 



15 Example 6* Selection for A Library of Riboreporters Which Signal the Presence of All 
Known Nadear Hormone Recq>tor LBDs: 

N-terminally GST-tagg^ cm* N-/C-terminally His-tagged ligand binding domains, 
defined on the basis of structural homology are cloned and ^qnressed in BL21 (DE3>pLysS 
20 E. coli cells, or are cloned and e^qxressed in standard baculovuiis ^ression systems. 



Refermces for the sequences are provided below: 



Symbol 


Description 


Ligand 


AIB3 


nuclear receptor coactivator RAP250; peroxisome 
proliferator-activated receptor interacting protein; 
thyroid hormone receptor binding protein 


thyroid homione 


AR 


androgen receptor (dihydrotestosterone receptor; 
testicular feminization; spinal and bull^ muscular 
atrophy; Kennedy disease) 


dihydroxytestosteron 


CID 


puclear DNA-binding protein 




ESRl 


estrogen receptor 1 


estroaen 


ESR2 


estrogen receptor 2 (ER beta) 


estrogen 


ESRRA 


estrogen-related receptor alpha 


^trogen and TFIIB 


ESRRB 


estrogen-related receptor beta 


estrogen and TFIIB 


ESRRG 


estrogen-related receptor gamma 


BStrogen and TFIIB 


BQST4A 


hepatocyte nuclear factor 4, alpha 




Bm4G 


hepatocyte nuclear factor 4, gamma 






similar to retmoid X receptor, alpha (H. sapiens) 






similar to nuclear receptor subfamily 1, group D, 
member 1 (H. sapiens) 
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NCOAl 


nuclear receptor coactivator 1 


Binds to steroid 
homione receptors 


NCORl 


nuclear receptor co-repressor 1 


I nyroiu nonnono 
receptor without TH 


NCOS! 


nuclear receptor co-repressor 2 


RXR without retinoic 
acid and THR 
wittioutTH 


NROBl 


nuclear receptor subfamily 0, group B, member 1 




NR0B2 


nuclear receptor subfamily 0, group B, member 2 




NRIDI 


nuclear receptor subfamily 1, group D, member 1 




NR1H2 


nuclear receptor subfamily 1, group H, member 2 




NR1H3 


nuclear receptor subfamily 1, group H, m^nber 3 


Intertacts with RXR 


NR1H4 


nuclear receptor subfamily 1, group H, manber 4 


Bile acid» famesol, 
or chenodoxycholic 


NR1I2 


nuclear receptor subfamily 1, group I, member 2 




NR1I3 


nuclear receptor subfamily 1, group I, member 3 


sinfimeffino ^ 
dilUIVoUflK? w 


NR2C1 


nuclear receptor subfamily 2, group C, member 1 




NR2C2 


nuclear receptor subfamily 2, group C» member 2 




NRZEl 


nuclear recq>tor subfamily 2, group member 1 




NR2E3 


nuclear receptor subfamily 2, group E, member 3 




NR2F1 


nuclear receptor subfamily 2, group F, m«nber 1 




NR2F2 


nuclear recq>tor subfamily 2, group F, member 2 




NR2F6 


nuclear receptor sub&mily 2, group F, member 6 


Thyroid hormone 


NR3C1 


nuclear receptor subfamily 3, group Q memb^* 1 


glutocorticoid 
receptor Cortisol* 


NR3C2 


nuclear receptor subfamily 3, group C, member 2 




NR4A1 


nuclear receptor subfamily 4, group A, member 1 




NR4A2 


nuclear recq)tor subfamily 4, group A, monb^ 2 




NR4A3 


nuclear receptor subfamUy 4, group A, member 3 




NR5A1 


nuclear receptor subfamUy 5, group A, member 1 




NR5A2 


nuclear receptor subfamily 5, group A, member 2 




NR6A1 


nuclear receptor subfamfly 6, group A, member 1 




PAX8 


paired box gene 8 




PGR 


progesterone receptor 




PPARA 


peroxisome proliferative activated receptor, alpha 


nafenopin, 
dofibrate. WY14643 


PFARBr 


rrAK bmding protein 


DinuS lO rr AK 

9amma 


PPARD 


peroxisome proliferative activated receptor, delta 




PPARG 


peroxisome proliferative activated receptor, gamma 


9-HODE. 13-HODE 


PTHRl 


parathyroid hormone receptor 1 


[^rathyroid hormone 


RARA 


retinoic acid receptor, alpha 


retinoic add 


RARB 


retinoic acid receptor, beta 


retinoic add 


RARG 


retinoic acjd receptor, gamma 


retinoic add 
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RORA 


RAR-ielated csphan receptor A 




RORB 


RARnrelated orphan receptor B 




RORC 


RAR-related orphan receptor C 




RXRA 


retinoid X receptor, alpha 


9-ds retonoic add, 
complexes with 
acTivaiea vuk ana 
THR 


RXRB 


retinoid X receptor, beta 


9-cis retonoic add, 
complexes with 
activated VDR and 

TUD 


RXRG 


retinoid X receptor, gamma 


9-ds retonoic add, 
complexes with 
activated VDR and 
THR 


SMAP 


tbyroid hormone receptor coactivating protein 




THRA 


thyroid hormone receptor, alpha (avian 
erythroblastic leukemia viral (v-erb-a) oncog^e 
homolog) 


thyroid hormone 


FHRB 


thyroid hormone receptor, beta (avian erythroblastic 
leukemia viral (v-^rb-a) oncogene homolog 2) 


thyroid hormone 


rNRCll 


trinucleotide repeat containing 11 CIHR-associated 
protein, 230 kDa subunit) 


activated THR 


TRAP150 


thyroid hormone receptor-associated protein, ISO 
kDa subunit 


activated THR 


rRAP240 


thyroid hormone receptor-associated protein, 240 
kDa subunit 


activated THR 


TRAP95 


thyroid hormone receptor-associated protein, 9S-lcD 
subunit 


activated THR 


rRIPlS 


thyroid hormone receptor interactor 13 


inacth/e THR 


VDR 


vitamin D (1,25- dihydroxyvitamin D3) recq>tor 


^minD 



Human NHR USDs (homologous to ERralpha residues including the region aa297- 
554) are purified from GSH-sqpharose or nickel afBnity columns by published proceduies 
S available from ihc manufacturers. LBDs are produced in a either a parallel or serial fashion 
and the purified proteins are stored as in buffer containing 50 mM TrisHCI, 1 mM EOTA, 
ImM DTT and 50-250 Na Cl/SCN salt, pH 7 to pH 8^, 10% glycerol or other stabilizing 
agent Protein sequence and MW is verified by standard mass spectrometry. 

1] Selection of Riboreporters which are activated by un-liganded 63 NHR-LBD: A 
10 lihraiy of up to 10 E+17 variants of in vitro synthesized ribozymcs is allowed to react with 
purified apo-NHR-LBDs at a fmal concentration of luM LBD. Selection of allosterically 
activated ribozymes is carried out by procedures outlined in prior samples. Selections are 
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carried out in parallel fashion or also can be carried out in mixed pools of anywhere from 5- 
10 HNR LBDs. In the final rounds of riboreporter selection, the RNA pools may sq^arated 
into aliquots which may then be used to carry out in vitro selection against single NHR LBD 
proteins to yield unique riboreporters selective for multiple NHR LBDs. 
5 2. Selection of Riboreporters which are activated by ligand bound forms of NHR- 

LBDs. Ligands for multiple NHR are known. These ligands are provided below. 



AIB3 nuclear receptor 

coactivatarRAP250; 
peroxisome 
proliferator-activated 
recq>tor interacting 
protein; thyroid 
hormone receptor 
binding protein 

AR androgen receptor 

(dihydrotestosterone 
receptor; testicular 
feminization; spinal 
and bulbar muscular 
atrophy; Kennedy 
disease) 

CID nuclear DNA-binding 

protein 

ESRl estrogen receptor 1 
ESR2 estrogen recq>tor 2 (ER 
beta) 

ESRRA estrogen-related 

receptor alpha 
ESRRB estrogen-related 

receptor beta 
ESRRG estrogen-related 

receptor gamma 
HNF4A hepatocyte nuclear 

&ctor4^ alpha 
HNF46 hepatocyte nuclear 

factor 4, gamma 

similar to retinoid X 

receptor, alpha (H. 

sapiens) 

similar to nuclear 
receptor subfamily 1, 
group D, member 1 (Hl, 
sapiens) 
NCOAl nuclear receptor 
coactivator 1 
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thyroid honnone 



dihydroxytestosteron 



estrogm 
estrogen 

estrogen and TFIIB 
estrogaiandTFIIB 
estrogen and TFIIB 



Binds to steroid honnone receptors 
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NCORl 

NCOR2 
NROBl 

NR0B2 

NRIDI 

NRim 

NR1H3 

NR1H4 

NRU2 

NRIB 

NR2C1 

NR2C2 

NK2E1 

NR2E3 

NR2F1 

NR2E2 

NR2F6 
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nuclear receptor co- 
repressor 1 
nuclear receptor co- 
repressor2 
nuclear receptor 
subfamily 0, group B, 
member 1 
nuclear receptor 
subfamily 0, group B, 
member 2 
nuclear receptor 
subfamily 1, group D, 
member 1 
nuclear receptor 
subfamily 1, group H, 
memb^2 
nuclear receptor 
subfemily 1, group 
memb^ 3 
nuclear receptor 
subfamily 1, group 
member 4 
nuclear receptor 
subfamily 1, group I, 
member 2 
nuclear receptor 
subfamily 1, group I, 
members 
nuclear receptor 
subfamily 2, group C, 
membo* 1 
nuclear recq)tor 
subfamily 2, group C, 
member 2 
nuclear recq>tor 
sub&mily2, group E> 
member 1 
nuclear recq>tor 
sub&mily 2, group 
member 3 
nuclear recq>tor 
subfamily 2, ffoup F» 
member 1 
nuclear receptor 
subfamily 2, group F, 
member 2 
nuclear receptor 
subfamily 2, group F, 
memb^6 



thyroid honnone recqytor ^^out 
TH 

RXR without retinoic acid and 
THR without TH 



Intotacts with RXR 

Bile acid, famesol, or 
chenodoxycholic acid 



pregnane 
androstaneS 



Thyroid hormone 
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NR3C1 nuclear receptor 

subfamily 3, group C» 

member 1 
NR3C2 nuclear receptor 

subfamily 3, group C, 

member 2 
NR4A1 nuclear receptor 

subfamily 4, group A, 

member 1 
NR4A2 nuclear receptor 

sub&nily 4» group A, 

member 2 
NR4A3 nuclear receptor 

subfamily 4, group A, 

members 
NR5A1 nuclear receptor 

subfamily 5, group A» 

member 1 
NR5A2 nuclear receptor 

subfamily 5, group A, 

member 2 
NR6A1 nuclear receptor 

subfamily 6, group A^ 

member 1 
PAX8 paired box gene 8 
PGR progesterone recqitor 
PPARA peroxisome 

proliferative activated 

receptor, alpha 
PPARBP PPAR binding protein 
PPAKD peroxisome 

- proliferative activated 

receptor, delta 
PPAR6 peroxisome 

proliferative activated 

receptor, gamma 
PTHRl parathyroid hormone 

receptor 1 
RARA retinoic acid recq>tor, 

alpha 

RARB retinoic acid teceptor, 
beta 

RAR6 retinoic acid receptor, 
gamma 

RORA RAR-related orphan 

receptor A 
RORB RAR-related orphan 

receptor B 
RORC RAR-related orphan 



glutocorticoid receptor, Cortisol, 
corticosterone 



aldosterone 



progesterone 

nafmopin, clofibrate, WY14643 
binds to PPAR gamma 

WY14643 

9-HODE, 13.H0DE 
parathyroid hormone 
retinoic acid 
retinoic acid 
retinoic acid 
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receptor C 




RXEtA 


retinoid X receptor. 


9*cis retonoic acid^ complexes 




alpha 


with activated VDR and THR 


RXRB 


retinoid X receptor. 


9-ci5 retonoic acid, complexes 




beta 


with activated VDR and THR 


RXRG 


retinoid X receptor. 


9-cis retonoic acid, complexes 




gamma 


with activated VDR and THR 


SMAP 


fhyroid hormone 






receptor coactivating 






protein 


activated THR 


THRA 


tiiyroid hormone 






receptor, alpha (avian 






erythroblastic leukemia 






viral (v-erb-a) 






oncogene homoIoEf"^ 


tfawoid hormone 


THRB 


thvroid hormone 






recentor beta Tavian 






ervthroblastic leukemia 






viral Tv-erH-a^ 






vfiivvr^vuc jjv/iiiuil/g 


uiyii/iu Jiofijionc 


TNRCll 








containing 1 1 flHR- 












IcDa ^nHunit^ 

JULrA fitUI/UUIly 


acHvateH TTTP 
avUVolwU JlXXIV 


TRAP150 


thvroid hortnrm^ 






receptor-associated 






nrotein 1 SO IcTIji 






subunit 


activated THR 


TRAP240 


thvroid hormnne 






TeceT)tnr-ajC5irkciated 






protem, 240 kDa 






subunit 


activated THR 


TRAP95 


thyroid hormone 






receptor-associated 






protdn, 95-kD subunit 


activated THR 


TRIP13 


thyroid hormone 






receptor interactor 13 


inactive THR 


VDR 


vitamin D (1,25- 






dihydroxyvitamin D3) 






receptor 


vitammD 



Stable complexes of each NHR LBD are formed with from 1-10 equivalents of ligand. 
Selection of Riborep(»ters which are activated by the NHR*LBD-Iigand complex. A libraiy 
of up to 1 0^^ variants of in vitro synthesized riboz^mes is allowed to read with purified ER- 
5 LBD-estradiol at a final complex concentration of luM. Selection of allosterically activated 
ribozymes is carried out by procedures outlined in prior examples. Selections are carried out 
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in parallel fashion or also can be carried out in mixed pools of anywhere from 5-1 0 HNR 
LBD-ligand complexes. In the final rounds of riboreporter selection, the RNA pools may 
separated into aliquots which may then be used to carry out in vitro selection against single 
NHR LBD-ligand complex to yield unique riboreporters selective for all NHR LBDs. 
5 Thus, the invention provides an in vitro selection protocol against purified LBDs for 

each known NHR. In vitro selections can be carried out with less than 1 mg of the purified 
forms of the LBDs. In addition the selection of riboreporters can be done in vitro with mixed 
pools of LBD and subsequently deconvoluted after selection is complete. Alternatively, the 
final selection can be carried out with fiactionally purified extracts containing a slight excess 

10 of recombinant LBD. In one embodiment the LBD is expressed in E.coli or insect cell line or 
mammalian cell lines. In another embodiment, the selection is carried out in cell free lysates 
in which the LBD is expressed in an in vitro transcription-translation procedure such as is 
described in the literature or can be purchased using conunon reagents fix)m Roche or 
Promega. In another embodiment, the fiactionated or purified LBDs are combined with 

1 5 known ligands, agonist, antagonists or partial agonist/antagonists to form stable complexes, 
and these complexes are then used for in vitro selection of riboreporters. For this selection, 
we will utilize the entire protein in complex with ligand or a peptide component derived from 
the NHR. Upon interaction of the riboreporter with the NHR, a signal will be generated 
detectable to an extofnal monitoring device. In this manner, the activation state of any or all 

20 NHRs can be monitored in vivo or in vitro. 



Example 7. Selection for a Riboreporter Selective for the Beta-2 adrenergic receptor. 



The fijlMengtfa gene for the Beta-Z adrenergic receptcH* is described in Emorine et al.» 
25 Proc. Natl. Acad. ScL USA 84:6995-99, 1987 and available at Acc. No. AAA88017. The 
nucleic acid sequence is set forth below: 

GCACCGCGAGCCCCTAGCACCCGACAAGCTGAGTGTGCJ^ACGAGTCCCCACCACACX^ 

ACACCACAGCaxrrOAATGAGGCTTCCAGGCGTCOGCTCGCGGCCC»C3^ 

TGGGTCCGCCCGCTGAGGCGCCCCCAGCCAGTGCGCTTACCTGCCAGACTGCGCGCa^^ 

30 GG6CAACCCGGGAACGGCA6CGCCTTCTTGCTGGCACCCAATGGAAGCCATG 

CACXaCGTCACGCAGGAAAGGGACOAGGTGTGGGTGGTGGGCATGGGCATCGTCATG^ 
CTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCUIC3^GCCATTGC(^^ 
GAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCACTGGCCrGTGCT 
ATGGGCCTGGCAGTGGTGCCCriTTGGGGCCGCCCATATTCTTATGAAAATGTGGAC^^ 

35 GGCAACTTCTGGTGCGAGTTTTGGACTTCCATTGATGTGCTGTGCGTCAC^ 

GAGACCCTGTGCGTGATCGCAGTGGATCGCrrACTTTGCCATTACnTCACCTTTCAAGTAC 
C3W3AGCCTGCTGACaU^GAATAAGGCCCGGGTGATCATTCTGAXGGTGTGGATTGTC 
GGCCTTACCrrCCOTCTTGCCCATTCAGATGCACTGGTACCOGGC^ 
ATCAACTGCTATGCCSATGAGACOTGCTGTGACT^ 
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QC CTCTT CCATCGTGTCXTOCTACGTTCCCCrGGTGATCATGG 

GTCTTTCAGGAGGCa^AAAGGCAGCTCaWS?^GATTGAC 

GTCCAGAACCTTAGCCaGGTGGAGCnJtSGATGGGCGGACGGGGCaiTO 

TCCaAGTTCrGCXTGAAGGAGaiaUVAGCCXrrCAAG^ 
5 TTCACCCTCTGCTGG CTGC CCTTCrrCATCGT^^ 

CrCATCCCTAAGGA?U=rrTTACATCCTCCrAAATTGGATA(^^ 

AATCCCCTTATCTACTGCCGGAGCCCAGArrTCAGGATTGCCTTCCAGGAGCTO 

CTGCGCAGGTCTTCTTTCAAGGCCTATGGGAATGGCTACTCCAGCAA 

GAGCAGAGTGGATATCACGTGGAACAGGAGAAAGAAAATAAACTGCTGTGTGAAGACCTC 
1 0 CCAGGCACGGAAGACTTTGTGGGCCATCAAGGTACTGTGCCTAGCmTAAC^ 

a^GGGAGGAATTGTAGTACAAATGACTavCTGCTGTAAAGCAGT^^ 

GACCCCCCCCCCCCCAACAGAACaCTAaACaQACTATTTAA 

GAATAA^AOTGTAflAAATTGTAT^ 

TTATTTTTTTAAGCTGTAAAAaQAGAGAaAAC^^ 
1 5 CAGTTCAGTTCCTCTTTGCATGGAATTTGia^ 

AGGACCTGAGTCTGCTATATTrraiTGACTTTTCC3V^ 

TTAGGGGTAATJfimLTTGCTGGTAATW 

GGACTTGAGGATTTTGAGTATCTCGGACCTTTaiGCTGTGAACATGGACT 
TCCTOTTATTTGCTCACaCGGGGTATTTTAGGaiGGGATTTGAG^^ 
20 TTTCCCGAGCAAAGGTCTAAAGTTTACaVGTAAATAAAATGTOT (SBQ ID NO: 11) 

The amino acid sequence of the polypeptide encoded by the nucleic add sequence 
is set forth below: 



1 mgqpgngsaf llapngshap dhdvtqgrde vwwgmgivm slivlaivfg nvlvitaiak 
SX ferlqtvtny fitsXacadl vmglawpfg aahilufcimrt: fgnfwcefwt sldvlcvtas 
121 ietlcviavd ryfaitspfk yqslltknka rviilmvwiv sgltsflpiq mhwyrathqe 
181 aincyanetc cdfftnqaya laseivefyv plvinivfvys rvfqeakrql ^idksegrf 
241 hvqnlsqveq dgrtghglrr sskfclkehk alktlgiimg tftlcwlpff ivni'^^viqd 
301 nlirkevyil Inwlgyvnsg fzipllycrsp dfriafqell clrrsslkay gngyssngnt 
361 geqsgyhveq ekenkllced Ipgtedfvgh qgtvpsdnid sqgmcstnd all (SEQ ID 
NO:12) ^ 



35 The gene encoding either the fiill-lengd) Beta-2 adrena-gic receptor or the 

cytoplasmic loops n or loop m or helix Vn is cloned, expressed and purified from E. coli or 
baculovirus infected cells (Hampe, et al., J Biotechnol 77:219-234(2000)) according to 
published procedures, incorporated into detergent micelles to simulate the cellular miUeu 
(Min , et al., J Biol ChOTi 268:9400-9404(1993)). A library of up to 10^^ variants of in vitro 

40 synthesized ribozymes is allowed to react with purified Beta-2 adrenergic receptor at a final 
concentration of 1 uM. Selection of allosterically activated ribozymes is earned out by 
procedures outlined in prior ^camples* Complexes are formed 1:1 with butoxamine or 
isoproterenoL 



45 
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Example 8. Selection of riboreporters which are activated by the butoxamine- Beta-2 
adrenergic complex. 

1:1 complexes of butoxamine and purified Beta-2 adrenergic receptor are formed and 
5 selection of allosterically activated ribozymes is carried out by procedures outlined in prior 
examples. 

Example 9. Selection of riboreporters which are activated by the isoproterenol- Beta<»2 
adrenergic complex* 

10 

1:1 complexes of isoproterenol and purified Beta-2 adrenergic receptor are formed 
and selection of allosterically activated ribozymes is carried out by procedures outlined in 
prior examples. 

IS Example 10: Selection for a library of riboreporters which signal the presence of aU 
known GPCRs. 

The fuU-lengdi gene sequences for over 400 GPCRs is known. The entire gene, or 
peptides derived fit)m these sequences, is N-tenninally tagged or N-/C- terminally His-tagged 
20 and cloned, expressed, and purified as described above, or synthesized by chemical means- 
All 400 GPCRs are produced in either a serial or parallel fashion and the purified proteins or 
peptides stored in buffer containing 50 mM Tris-HCl, 1 mM EDTA» 1 mM DTT, and 50-250 
mM NaCl/SCN salt, pH 7 to pH 8.5, 1 0% glycerol or other stabilizing agent. Protein 
sequence and MW is verified by standard mass spectrometry. 

25 

1. Selection of Riboreporters which are activated by GPCRs not bound to ligand: 

A library of up to 10^^ variants of in vitro synthesized ribozymes is allowed to react 
with purified GPCRs at a final concentration of luM GPCR. Selection of allosterically 
activated ribozymes is carried out by procedures outlined in prior examples. Selections are 
30 carried out in parallel fashion or also can be carried out in mixed pools of anywhere fix)m 5- 
10 GPCRs. In the final rounds of riboreportcr selection, the RNA pools may separated into 
aliquots which may then be used to carry out in vitro selection against single GPCR proteins 
to yield unique riboreporters selective for all 400 GPCRs. 



35 2. Selection of Riboreporters whidi are activated by ligand bound forms. 

Of the 4000 known NHRs, there are q)proximately 120 known ligands-GPCR pairs, 

described in the attached table. Stable complexes of each GPCR LED are formed with &om 

86 



wo 02/22882 



PCTAJSQl/28835 



1-10 equivalents of ligand Selection of allosterically activated ribozymes is carried out by 
procedures outlined in prior examples. Selections are earned out in parallel feshion or also 
can be carried out in mixed pook of anywhere from 5-10 OPCR-ligand complexes- In the 
final rounds of riboreporter selection, tiie KNA pools may separated into aliquots which may 
5 then be used to cany out m vitro selection against single GPCR-ligand complex to yield 
unique riboreporters selective for all GPCR-ligand complexes. 

Example 11. Selection of riboreporters using peptide fragments of GPCR& 

The example describes a method to develop riboreporters that specifically recognize 

10 conformational isoforms of GPCRs that are revealed upon ligand bmding. * 

Molecular cloning studies have identified over 400 human GPCRs, and have 
identified the ligands for 120. GPCRs consist of three domains: an extracellular N-terminus, a 
central domain of seven trans-membrane helices, and a cytoplasmic C-terminus. Activation 
of GPCRs is induced by ligand binding, ^ich causes a confonnational change in the 

15 receptor and exposes cytoplasmic helicies II and HI, as well as helix VU. This method 

provides for g«ieration of unique biosensors for each GPCR. Representative GPCR peptide 
and polypeptides are presented in Examples 12 and 13. 

The biosensors described in this invention include riboreporters such as allosteric 
ribozymes (AR), including hammerhead, hairpin, LI ligase or group 1 mtron ribozymes and 

20 the like, or the riboreporter may derived fi-om 2q>tamer beacons or signaling q>tamer5, and of 
which transducer molecular recognition into a detectible signal. In one embodiment, 
Riboreporters specific for GPCRs are generated by in vitro selection for recognition of 
peptide Augments of the GPCRs comprismg regions of the cytoplasmic helices II and m, as 
well as helix VII. Exemplary suitable GPCR peptide fragments are presCTted m Example 1 1. 

25 Riboreporters which recognize cytoplasmic helices n and m, as well as helix Vn are then 

— ^^^^.^ i.vr|/iaauiju ijwijiw^^ n oiJu uu, OA wcji i» uc^ilA V JUL WlUim TOO COmeXE 

of the fiill lengfli protein and hence recognize tiie activated state of flie GPCR. Examples of 
the used of peptide fiagments to generate riboreporters which recognize the full length 
protem are known in the art and are incorporated herein. See for example data on 
30 Riboreporter selection and recognition of HIV rev peptide and full length protein [Michael 
Robertson, 2001, University of Texas, Austin, Ph.D. Dissertation]. Li tiie case of HIV rev, 
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unique peptide sequences are recognized both as free pq)tides and in the context of the full 
protein. 



Example 12: 6FCR peptide fragments 

5 >G(S)-1 

ngclgnslcte dgmeekaqr eankkiekql qkdkqvyrat hrllllgage sgkstivkgni 
rilhvngfng eggeedpqaa rsnadgekat kvgdikzmlk eaietlvaam enlvppvela 
npenqfrvdy ilsvmnvpdf dfppefyeha kalwedegvr acyersneyq lidcaqyfld 
kidvikqady vpsdqdllrc rvltsgi£et kfqv'dkvnfh mfdvggqrde rrkwlqcfnd 
10 vtaiifwas ssynnvired nqtnrlqeal nlfksiwnnr wlrtisvilf Inkqdllaek 
vlagkskied yfpefarytt pedatpepge c^rvtraJtyf irdeflrist asgdgrhycy 
phftcavdte nirrvfndcx diiqrmhlrq yell (SEQ ID NO: 13) 

>G(S>.2 

15 mgclgnskte dqmeekaqr eankkiekql qlcdkqvyrat hrllllgage sgkstivkqia 
rilhvngfng eggeedpqaa rsnsdgseka tkvqdiknnl keaietivaa msnlvppvel 
anpenqfrvd yilsvmnvpd fdfppefyeh eJcalwedegv racyersney qlidcaqyfl 
dkidvikqad yvpsdqdllr crvltsgife tkfqvdkvnf hmfdvggqrd errkwlqcfn 
dvtaiifwa sssynmvire dnqtnrlqea Inlfksiwnn rwlrtisvil f Inkqdllae 

20 kvlagkskie dyfpefaryt tpedatpepg edprvtraky firdeflris tasgdgrhyc 
yphftcavdt enirrvfndc rdliqrtnhlr qyell (SBQ ID NO: 14) 

>G(S>3 

Togclgnskte dqmeekaqr eankkiekql qkdkqvyrat hrllllgage sgkstivkqm 

25 rilhvngfng dekatkvqdi knnlkeaiet ivaamsnlvp pvelanpenq f rvdyilsvm 

nvpdfdfppe fyehakalwe degvracyer sneyqlidca qyfldkidvi kqadyvpsdq 

dllrcrvlts gifetkfqvd Jcvnfhmfdvg gqrderrkwi qcfndvtaii fwasssynm 

virednqtnr Iqealnlfks iwnnrwlrti svilflnkqd llae3cvlagk skiedyfpef 

aryttpedat pepgedprvt rakyf irdef Iristasgdg rhycyphftc avdtenirrv 
30 fndcrdiiqr mhlrqyell (SEQ ID NO: 15) 

>G(SH 

mgclgnskte dqmeekaqr ean)dciekql qkdkqvyrat hrllllgage sgkstivkqm 
rilhvngfng dsekatkvqd iknnlkeaie tivaamsnlv ppvelanpen qfrvdyilsv 
35 mnvpdfdfpp efyehakalw edegvracye rsneyqlidc aqyf Idkidv ikqadyvpsd 
qdllrcrvlt sgifetkfqv d)cvnfhmfdv ggqrderrkw iqcfndvtai ifwasssyn 
mvirednqtn rlqealnlfk siwnnirwlrt isvilf Inkq dllaeJcvlag kskiedyfpe 
faryttpeda tpepgedprv trakyf irde flristasgd grhycyphf t cavdtenirr 
vfiidcrdiiq rmhlrqyell (SEQ ID K0:16) 

40 

>G(s)-xl 

meisgppfei gsapagvddt pvnmdsppia Idgppikvsg apdicreraer ppveeeaaem 
egaadaaegg kvpspgygsp aagaasadta araapaapad pdsgatpedp dsgtapadpd 
sgaf aadpds gaapaapadp dsgaapdapa dpdsgaapda padpdagaap eapaapaaae 
45 traahvapaa pdagaptapa asatraaqvx raasaapasg arrkihlrpp speiqaadpp 
tprptrasaw rgksessrgr rvyydegvas sdddssgdes ddgtsgclrw fqhrmrrrr 
kpqrnllmf Ivqafggcfg rsespqpkas rslkvkkvpl aekrxqmrke ale)craqkra 
ekkrsklidk qlqdekcngym cthrllll (SEQ ID NO: 17) 

50 

>g-0lf 

mgclggnskt tedqgvdeke rreankkiek qlqkerlayk athrllllga gesgkstivk 
qnarilhvngf npeekkqkil dirknvkdai vtivsamsti ippvplanpe nqfrsdyiks 
iapitdfeys qef fdhv)ckl wddegvkacf ersneyqlid caqyflerid svslvdytpt 
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dqdllrcrvl tsgifetrf g vdkvnfhmfd vggqrderrk wiqcfndvta iiyvaacssy 
nnrviredimt nrlresldlf esiwnnrwlr tisiilflnk qdmlaekvla gkskledyfp 
eyanytvped atpdage<^k vtrakffird Iflristatg dgkhycyphf tcavdtenir 
rvfndcrdli qnnblkqyel 1 (SBQ ID NOrlB) 

5 

>I1 

ngctlsaedk aaverskmld rnlredgeka arevkllllg agesgkstiv kqmkiifaeag 
yseeeckqyk awysntiqs iiaiiramgr Ikidfgdsar addarqlfvl agaaeegfmt 
aelagvikrl . wkdsgvqacf nrsreyqlnd saayylndld riaqpnyipt qqdvlrtrvk 
10 ttgivethf t fkdlhftanf d vggqrserkk wihcfegvta iifcvalsdy dlvlaedeem 
imnhesmklf dsicnnkwft dteiilflnk kdlfeekikk splticypey agsntyeeaa 
ayiqcqfedl nkrkdtkeiy thftcatdtk nvqfvfdavt dviikimlkd cglf (SEQ ID NO: 19) 

>I2 

15 mgctvsaedk aaaerskmid knlredgeka arevkllllg agesgkstiv kqmkiihedg 
yseeecrqyr awysntiqs imaivkamgn Iqidf adpsr addarqlf al sctaeeqgvl 
pddlsgvirr Iwadhgvqac fgrsreyqln dsaayylndl eriaqsdyip tqqdvlrtrv 
kttgivethf tfkdlhfkmf dvggqrserk kwihcfegvt aiifcvalsa ydlvlaedee 
innxiDhesinkl fdsiczmkwf tdtsiilfln kkdlfeekit hsplticfpe ytgazikydea 
asyiqskfed Inkrkdtkei ythftcatdt kovqfvfdav tdvliknnlk dcglf (SEQ ID NO: 20) 



20 



nigctlsaedk aaverskmid rnlredgeka akevkllllg agesgkstiv kqmkiihedg 
ysedeckqyk vwysntiqs iiaiiramgr Ikidfgeaar addarqlfvl agsaeegvmt 
25 pelagvikrl wrdggvqacf srsreyqlnd sasyylndld risqsnyipt qqdvlrtrvk 
ttgivethf t fkdlyfkmf d vggqrserkk wihcfegvta iifcvalsdy dlvlaedeem 
nrmhesmklf dsicnnkwft etsiilflnk kdlfeekikr splticypey tgsntyeeaa 
ayiqcqfedl nrrkdtkeiy thftcatdtk nvqfvfdavt dviiknnlke cgly (SBQ ID NO: 21) 

30 >G01 

mgctlsaeer aalerskaie knlkedgisa akdvkllllg agesgkstiv kqmkiihedg 

fsgedvkqtyk pwysntiqs laaivramdt Igieygdker kadafcravcdv vsrmedtepf 

saellsainmr Iwgdsgiqec fnrsreyqln dsakyyldsl drigaadyqp teqdilrtrv 

kttgivethf tf Jcnlhf rlf dvggqrserk kwihcfedvt aiifcvalsg ydqvlhedet 

35 tnrmheslml fdsicnnkff idteiilfln kkdlfgekik ksplticfpe ytgpntyeda 

aayiqaqfes knrspnkeiy chmtcatdtn niqwfdavt diiiannlrg cgly (SBQ ID NO: 22) 



>g02 

mgctvsaedk aaaerskmid knlredgeka arevkllllg agesgkstiv kqmkiihedg 
yseeecrqyr awysntiqs imaivkamgn Iqidfadpsr addarqlfal sctaeeqgvl 

pddlsgvirr Iwadhgvqac fgrsreyqln dsaayylndl eriaqsdyip tqqdvlrtrv 

kttgivethf tfkdlhfkmf dvggqrserk kwihcfegvt aiifcvalsa ydlvlaedee 

mnrmhesmkl fdsicnnkwf tdtsiilfln kkdlfeekit hsplticfpe ytgankydea 

asyiqskfed Inkrkdtkei ythftcatdt Jcnvqfvfdav tdviiknnlk dcglf (SEQ ID NO: 23) 

>G(T-1) 

mgagasaeek hsrelekklk edaekdartv kllllgages gkstivkqmk iihqdgysle 
eclefiaiiy gntlqsilai vramttlniq ygdsarqdda rklmhmadti eegtmpkems 
diiqrlwkds giqacf eras eyqlndsagy ylsdlerlvt pgyvpteqdv Irsrvkttgi 
ietqfsfkdl nfrmfdvggq rserkkwihc fegvtciifi aalsaydmvl veddevnrmh 
eslhlfnsic nhryfattsi vlflnkkdvf fekikkahls icfpdydgpn tyedagnyik 

vqflelnmrr dvkeiyshmt catdtqnvfcf vfdavtdiii kcnikdcglf (SEQ IDNO-^4) 
55 >G(T-2) 

mgsgasaedk elakrskele kklqedadke aktvkllllg agesgkstiv kqmkiihqdg 
yspeeclefk aiiygnvlqs ilaiiraratt Igidyaepsc addgrqlnnl adsieegtiwp 
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pelvevirrl wkdggvqacf eraaeyqlnd sasyylnqle ritdpeylps eqdvlrsrvk 
ttgiietkfs vkdlnfrmfd vggqrserkk wihcfegvtc ilfcaalsay drnvlveddev 
nnnheslhlf nsicnhkffa atsivlflnk kdlfeekikk vhleicfpey dgnnsyddag 
nyiksqfldl nmrkdvkeiy shmtcatdtq nvkfvfdavt: diiikenlkd cglf (SEQ ID N0:25) 

5 

>G(Z) 

tnvflsgnasd ssnctqppap vniskaillg vilgglilfg vlgnilvils vachrhlhsv 
thyyivnlav adllltstvl pfsaifevlg ywafgrvfcn iwaavdvlcc tasimglcii 
sidryigvsh plryptivtq rrglmallcv walslvislg plfgwrqpap cdetlcqine 
10 epgyvlfsal gsfylplali Ivraycxvyw akresrglks glktdksdse qvtlrihrkn 
apaggsgmas aktkthf svr Xlkf srekka aktlgiwgc fvlcwlpffl vnplgsffpd 
fkpsetvfkl vfwlgylnsc inpllypcss qefkkafgnv Iriqclcrkq sskhalgytl 
hppsqavegq hkdmvripvg sreafygisr tdgvcewkff ssnqprgsari tvskdqssct 

tannrsksflqvcccvepstpsldkiihqvptikvhtislsengeev (seq id no:26) 

15 

>G(Q) 

macclseeak earrindeie rqlxrdkrda rrelkllllg tgesgkstfi kqmriihgsg 
ysdedkrgf t klvyqnif ta mqamiramdt Ikipykyehn kahaqlvrev dvelcvsafen 
pyvdaikslw ndpgiqecyd rrreyqlsds tkyylndldr vadpaylptq qdvlrvxvpt 
20 tgiieypfdl qsvifrmvdv ggqrserrkw ihcfenvfcsi mflvalseyd qvlvesdnen 
rmeeskalfr tiitypwfqn ssvilflnkk dlleekittiys hlvdyfpeyd gpqrdagaar 
efilkmfvdl npdsdkiiys hftcatdten irfvfaavkd tilqlnlkey nav (SBQ ID Nq:27) 

>G(Y-11) 

25 mtlesmmacc Isdevkeskr inaeiekqlr rdkrdarrel kllllgtges gkstfikqmr 
iihgagysee dkrgf tklvy qniftamqam irametlkil ykyeqnkana llirevdvek 
vttfehqyvs aiktlwedpg iqecydrrre yqlsdsakyy Itdvdriatl gylptqqdvl 
rvrvpttgii eypf dlenii frmvdvggqr serrkwihcf envtsimf Iv alseydqvlv 
esdnenrmee skal£rtiit ypwfqnssvl Iflnkkdlle dkilyshlvd y^efdgpqr 

30 daqaarefil kmfvdlnpds dkiiyshftc atdtenirfv faavkdtilq Inlkeynlv <SBQ ID NO: 28) 

>G(Y-12) 

nisgwrtlsr cllpaeagga rerragsgar daerearrrs rdidallare rravrrlvki 
lllgagesgk stflkqrarii hgrefdqkal lefrdtifdn ilkgsrvlvd ardklgipwq 
35 ysenekhgmf Imafenkagl pvepatfqly vpalsalwrd sgireafsrx sefqlgesvk 
yf Idnldrig qlnyfpskqd illarkatkg ivehdfvikk ipfkravdvgg qrsqrqJcwfq 
cfdgitsilf tnvssseydqv linedrrtnrl vesninifeti vnnklffnvs iilflnkmdl 
Ivekvktvsi kkhfpdfrgd phqledvqry Ivqcfdrkrr nrslcplfhhf ttaidtenvr 
fvfhavkdti Iqenlkdina q (SBQ ID NO: 29} 

40 

>G(Y-13 

madflpsrsv Isvcfpgcll tsgeaegqrk skeidkclsr ektyvkrlvk illlgagesg 
kstflkqmri ihgqdfdqra reefrptiys nvikgmrvlv dareklhipw gdnsnqqhgd 
kmmsfdtrap maaqgnivetr vflqylpair alwadsgiqn aydrrrefql gesvkyfldn 
45 Idklgepdyi psqqdillar rptkgiheyd feiknvpfkm Idvggqrser krwfecfdsv 
tsilflvees efdqvlmedr lenrltesln ifetivnircv fsnvsiilfl nktdlleekv 
qivsikdyfl e£egdphclr dvqk£lvec£ mkrrdqqqk plyhhf ttai ntenirlv£r 
dvkdtilhdn Ikqlmlq (SEQ ID NO: 30) 

50 >G(Y-14) 

inagccclsae ekesqrisae ierqlrrdkk darrelklll Igtgesgkst fikqmrlihg 
sciysdedrkg ftklvyqxiif tamqamiram dtlriqyvce qnkenaqiir evevdkvsml 
sreqveaikq Iwq^giqec ydrarreyqls dsakyyltdi driatpsfvp tqqdvlrvrv 
pttgiieypf dlenilfrmv dvggqrserr kwihcfesvt siiflvalse ydqvlaecdn 
55 enrmeeskal fktiitypwf Inssvilfln kkdlleekim yshlisyfpe ytgpkqdvra 

ardfilklyq dqnpdkekvi yshftcatdt dnirfvfaav kdtllqlnlr efnlv (SEQ ID NO: 31) 
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>G(Y-15) 

iciarsltwrcc pwcXtedeka aarvdqeinr illeqkkgdr gelkllllgp gesgkstf ik 
qmriihgagy seeerkgfrp Ivyqnifvsm ramieamerl qipfsrpesk hhaslvmsqd 
pykvttfekr yaaamqwlwr dagiracyer rrafhlldsa vyylshleri teegyvptaq 
dvlrsrrnptt gineycf svq ktnlrivdvg gqkserkkwi hcf enviali ylaslseydq 
cleennqenr mkeslalfgt ilelpwfkst svilflnktd ileeklptsh latyfpsfqg 
pkqdaeaakr fildmytrmy tgcvdgpegs kkgarsrrlf shytcatdtq nlrkvfkdvr 
dsvlarylde inll (SEQ ID NO: 32) 

>Gu5ducin 

mfdvggqrse rkkwihcfeg vtciif caal saydmvlved eevnrmhesl hlfnsicnhk 
yfsttsivlf Inkkdifqek vtkvhlsicf peytgpntfe dagnyiknqf Idlnlkkedk 
eiyshmtcat dtqnvkfvfd avtdlilken Ikdcglf (SBQ ID NO:33) 



Example 13: GPCR polypeptides 



ref 


NP^ 


^006134 


.1| 


ref 


xp] 


'049562 


.1| 


ref 


NP" 


^004876 


.11 


ref 


XP^ 


^011102 


.11 


ref 


NP' 


"057624 




ref 


XP 011520 


.3 


ref 


NP_001517.1 


ref 


NP_001471.1 


ref 


NP 071429.1 


ref 


XP 005747 


.4 


rer 


NP_001048 


.1 


ref 


NP_ 


^000901 


.1 


ref 


NP] 


'003 848 


.1 


ref 


xp" 


_004030 


.2 


ref 




^000015 


.1 


ref 




"001777 


.1 


ref 


XP^ 


"011871 


.3 


ref 


Np' 


"0OI5I6 


.1 


ref 


NP 001041 


.1 


ref 


NP_001040.1 


ref 


NP 001044.1 


ref 


XP 012565 


.1 


ref 


NP^ 


115940.1 


ref 


xp' 


_037563 


.1 


ref 


Np' 


|001050 


.1 


ref 


XP~ 


'011942 


.1 


ref 


XP~ 


]017624 


.1 


ref 


^^1 


*004239 


.1 


ref 


NP~ 


]071640 


.1 


ref 


NP~ 


]055441 


.1 


ref 


xp' 


009594 


.2 


ref 


NP 003605.1 


ref 




.001049 


.1 


ref 


xp" 


039747 


.1 


ref 


NP" 


000905 


.1 


ref 


xp" 


'004341 


.2 


ref 


XP 052174 


.1 


ref 


XP_ 


^052175 


.1 


ref 


xp' 


]052165 


.1 


ref 




]052164 


.1 


ref 


Np"* 


000861 


,1 



G protein- coupled receptor 19 [Homo sapiens] 
G protein- coupled receptor 19 [Homo sapiens] 

neuropeptide G protein- coupled receptor; n 

46228 [Homo sapiens] >gi 1 14723215 1 ref |XP_0. . , 

G protein- coupled receptor 72; reserved; G 

orexin receptor 2 [Homo sapiens] 
orexln receptor 2 [Homo sapiens] 
galanin receptor 1; Galanin receptor [Homo. . . 
neiirppeptide FF 1; RFamide- related peptide... 
tachykinin receptor 2 [Homo sapiens] 
tachykinin receptor 2; Tachykinin receptor... 
neuropeptide Y receptor y2 (Homo sapiens] . . . 
galanin receptor 2 [Homo sapiens] >gi|l365... 
adrenergic, beta-2-, receptor, surface [Ho... 
adrenergic, beta-2-, receptor, surface [Ho,,, 
orexin receptor 1 [Homo sapiens] 
neuropeptide PF 1; RFamide-related peptide... 
orexin receptor 1 [Homo sapiens] 
somatostatin receptor 2 
somatostatin receptor 1 
somatostatin sceceptor 5 
somatostatin receptor 5 

G protein* coupled receptor; G protein- coup. 
G protein- coupled receptor [Homo sapiens] 
tachykinin receptor 3; NK-3 receptor; neur. . 
prolactin- releasing hormone receptor [Homo. . 
G protein- coupled receptor 58 [Homo sapiens] 
prolactin- releasing hormone receptor [Homo. . 
histamine receptor H2; gastric receptor 1 
G protein- coupled receptor 58 [Homo sapiens] 
somatostatin receptor 4 [Homo sapiens] 
galanin receptor 3; galanin receptor, fami. 
tachykinin receptor 1^ isoform long; 
opioid receptor, mu 1 [Homo sapiens] 
opioid receptor, mu 1 [Homo sapiens] 
53355 [Homo sapiens] 

50635 [Homo sapiens] 

5 -hydroxy tryptamine (serotonin) receptor 4., 
5- hydroxy tryptamine (serotonin) receptor 4,. 

50636 [Homo sapiens] >gi |l4732317 |ref |XP_0. . 
5-hydroxytryptamine (serotonin) receptor 4.. 
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[Homo sapiens) >gi.. 
[Homo sapiens] >gi. 
[Homo sapiens] 
[Homo sapiens) 



Tachy. . , 
>gi|l... 
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ref 


NP_ 


_001043.1 


ref 


NP^ 


^000721.1 


ref 


NP^ 


]006670.1 


ref 


NP' 


'055442,1 


ref 


NP' 


]000698.1 


ref 


NP* 


"001718.1 


ref 


XP 040306.1 


ref 


NP- 


,056542.1 


ref 


NP" 


'001042.1 


ref 


NP_000722.1 


ref 


NP"00O78a.l 


ref 


NP][000612.1 


ref 


NP 004215.1 


ref 


XP_ 


_010228.2 


ref 


npI 


^000907.1 


ref 


XP* 


^052179.1 


ref 


NP" 


[^005192. 1 


ref 


NP* 


"000670.1 


ref 


XP_046588.1 


ref 


NP_000671.1 


ref 


NP_1X04U»1 


ref 


XP_0031M.2 


ref 


XP_017623.1 


ref 


NP_005S49.1 


ref 


NP 115892.1 


ref 


NP_ 


_000903 .1 


ref 


NP] 


^000900.1 


ref 


XP 011716.2 


ref 


XP_ 


.011707.2 


ref 


xp' 


_048085.1 


ref 




*048084.1 


ref 


NP* 


000785^1 


ref 


XP_048082.1 


ref 


NP 


003292.1 


ref 


NP_005305.1 


ref 


XP 006335.4 


ref 


XP_ 


^006334.3 


ref 


NP^ 


*000786.1 


ref 


XP^ 


_036647.1 


ref 


xp" 


"041422.1 


ref 


NP* 


1^057658. 1 


ref 


Np" 


"000697.1 


ref 


NP* 


_002502.1 


ref 


xp" 


*018475.1 


ref 


Np' 


*062874.1 


ref 


upI 


^000730.1 


ref 


NP* 


*062873.1 


ref 


NP_00 0863.1 


ref 


NP_000667.1 


ref 


NP_000675.1 


ref 


NP_ 


005963.1 


ref 


NP 000732.1 


ref 


XP^ 


^039923.1 


ref 


Np] 


_G007S7. 1 


ref 


XP* 


]011027.3 


ref 


NP* 


"061822.1 


ref 


NP_000 731.1 


ref 


NP"000669.1 


ref 


NP""005282.1 


ref 


XP 


048332.1 



somatostatin receptor 4 [Homo sapiens) 
cholecystokinin A receptor [Homo sapiens] . . , 

putative opioid receptor, neuromedin K (ne 

6 protein- coupled receptor 57 [Homo sapiens] 
arginine vasopressin receptor IB; arginine.., 
bombesin-like receptor 3 [Homo sapiens] >g... 
similar to SOMATOSTATIN RECEPTOR TYPE 2 (S . . . 
tachykinin receptor 1, isoform short; Tach... 
somatostatin receptor 3 [Homo sapiens] >gi... 
cholecystokinin B receptor [Homo sapiens] 
dopamine receptor D5; Dopamine receptor Dl... 
5-hydroxytryptamine (serotonin) receptor 2».. 
G protein- coupled receptor 50 [Homo sapiens) 
G protein- coupled receptor 50 [Homo sapiens) 
oxytocin receptor [Homo sapiens] 
oxytocin receptor (Homo sapiens) >gi| 14725... 
chemokine (C-C motif) receptor 8; chemoJcin. . . 
adrenergic, alpha- IB-, receptor; adrenergi... 
G protein- coupled receptor sit [Homo sapie... 
adrenergic, alpha- lA-, receptor; adrenergi... 
brain expressed 6-protein- coupled receptor. . . 
growth hormone secretagogue receptor [Homo. . . 
6 protein-coupled receptor 57 [Homo sapiens] 
melatonin receptor lA; melatonin receptor . . . 
G protein- coupled receptor sit; melanin-co. . , 

opioid receptor, kappa 1; Opiate receptor, 

neuropeptide Y receptor Yl; Neuropeptide Y... 
similar to opioid receptor, kappa 1; Opiat... 
adrenergic, alpha- 1A-, receptor [Homosapi... 
adrenergic, alpha- 1A-, receptor [Homosapi... 
adrenergic, alpha-lA-, receptor [Homosapi... 
dopamine receptor Dl [Homo sapiens] 
adrenergic, alpha- 1A-, receptor [Homosapi... 
thyrotropin-releasing hormone receptor [Ho... 
gastrin- releasing peptide receptor [Honx> s... 
dopamine receptor D2 [Homo sapiens) 
dopamine receptor D21onger [Homo sapiens) 
dopamine receptor D2 [Homo sapiens] >gi 1 14 . . . 
dopamine receptor D2 [Homo sapiens] >gi j 14 . . . 
similar to dopamine receptor D2 (H. sapien. . . 
dopamine receptor D21onger [Homo sapiens] . . , 
arginine vasopressin receptor lA; Via vaso. . . 
neuromedin B receptor [Homo sapiens] 
neuromedin B receptor [Homo sapiens] 
5-hydroxytryptamine receptor 7, isoform b;.., 

cholinergic receptor « muscarinic 2; muscar 

5-hydroxytryptamine receptor 7, isoform d;... 

5-hydroxytryptamine receptor 7, isoform a; 

adenosine A2b receptor [Homo sapiens] >gi | 

beta-l-adrenergic receptor [Homo sapiens] 

pancreatic polypeptide receptor 1 (Homo sa... 

cholinergic receptor, muscarinic 4; muscar... 

44527 [Homo sapiens) 

dopamine receptor D3 [Homo sapiens] 

dopamine receptor D3 [Homo sapiens] 

G protein-coupled receptor 14 [Homo sapiens] 

cholinergic receptor, muscarinic 3; muscar... 

adrenergic, alpha-ID-, receptor; adrenergi... 

6 protein- coupled receptor 17 [Homo sapien. . . 

similar to purinergic receptor (family A g. .. 

92 



wo 02/22882 



PCT/USQl/28835 



ref 


XP 


041897 


.1 


ref 


NP" 


005152 


,1 


ref 


NP 


000016 


.1 


ref 


NP 


001286 


.1 


ref 


NP 


000902 


.1 


ref 


Np" 


005758 


,1 


ref 


xp" 


006296 


.1 


ref 


XP 


006058 


.1 


ref 


NP 


000729 


.1 


ref 


NP 


000904 

^ \J \J J \J ^ 


^ 1 


ref 


NP 


006630 


,x 


ref 


NP 




^ \ 


ref 


NP 


000530 

w w yj ^ J w 


^\ 


ref 


NP 


009154 


» 1 


ref 


XP 


_w w J7 O O ^ 


. 2 




YP 
As 




• x 




NP 




• JL 


ref 


NP 


V vUOD O 


.2 


id. 


YP 




n 
• X 




UP 




\ 


rex 


MP 


ArtnocA 


* X 


reL 


YD 
At'_ 


^UUXa JLl 


» A 


re J. 


clir_ 




1 
• X 


rer 


XTD 

rnr_ 






rer 


"KTD 

rlr 




. X 


X ex 


MP 


"009158 


.1 


ret 


*ri> 
- 


~000625 


.1 


v>aF 

rer 


YD 

Air 


][017622 


.1 


rex 


air 


'036257 


.1 


rex 


KTD 


"000743 


.1 


rex 


KTD 

WJr_ 


'000788 


.1 


x^ex 


YP 

Air 


006145 


.2 


X cx 


YP 


.001543 


.1 


ref 


XP 


009663 


.1 


X t?x 


YP 
- 


'007212 


.1 


ref 


NP 


_006165.1 


ref 


NP 


_002522 


.1 


ref 


XP 


^003692 


.2 


ref 


XP 


"009612 


.2 


ref 


NP 


"005277 


.1 


ref 


Np' 


.000515 


.1 


ref 


NP~ 


*001707 


.1 


ref 


NP 


"005675 


.1 


ref 


NP_^ 


"000852 


.1 


ref 


NP] 


^000639 


.1 


ref 


npI 


"ll6743 


»1 


ref 


NP' 


"006574 


.1 


ref 


NP 


'031395 


.1 


ref 


xp] 


.009373 


.1 


ref 


NP]| 


]076917 


.1 


ref 




^005280 


.2 


ref 


xp" 


~039818 


.1 


ref 


NP^ 


|006164 


.1 


ref 


xp" 


"012748 


.2 


ref 


NP" 


^000862 


.1 


ref 




^005281 


.1 


ref 


xp' 


[0104 06 


.1 


ref 


NP]^ 


]001328 


.1 


ref 


NP] 


[002554 


.1 


ref 


NP^ 


]004942 


.1 



similar to G protein- coupled receptor 17 {.. 
angiotensin receptor- like 1 [Homo sapiens] . . 
adrenergic, beta-3-, receptor [Homo sapien. . 
chemokine (C-C motif) receptor 1; macropha.. 
opioid receptor, delta 1 [Homo sapiens] 
purinerglc receptor (family A group 5) [Ho., 
cholinergic receptor, muscarinic 4 [Homo s . . 
similar to KUSCARINIC AGEmiCHOLINB RECBPT.. 
cholinergic receptor, muscarinic 1; muscar. . 
opiate receptor-like 1; opiod receptor-lik. . 
cysteinyl leukotriene receptor 1 [Homo sap. . 
chemokine (C-C motif) receptor 3 [Homo sap., 
rhodopsin; rhodopsin (retinitis pigmentosa., 
putative G protein coupled receptor [Homo . . 
adenosine A2a receptor [Homo sapiens] 
adrenergic, alpha- ID-, receptor [Homo sapi.. 
gonadotropin- releasing hormone receptor; g.. 
adenosine A2a receptor; adenosine A2 recep.. 
G protein- coupled receptor 45 [Homo sapiens] 
putative neurotransmitter receptor [Homo s . . 
5- hydroxy trypt amine (serotonin) receptor 1.. 
opioid receptor, delta 1 [Homo sapiens] >g,. 
melatonin receptor IB; melatonin receptor 
interleukin 8 receptor, beta [Homo sapiens] 
neuromedin U receptor 2 [Homo sapiens] 
6 protein -coupled receptor 45 [Homo sapiens] 
interleukin 8 receptor, alpha; chemokine (.. 
putative neurotransmitter receptor [Homo s . . 
cholinergic receptor, muscarinic 5; muscar.. 
leukotriene b4 receptor (chemokine recepto.. 
dopamine receptor D4 [Homo sapiens] 
dopamine receptor D4 [Homo sapiens] 
G protein -coupled receptor 52 [Homo sapiens] 
6 protein -coupled receptor 8 [Homo sapiens] 
purinergic receptor (family A group 5) [Ho., 
neuropeptide Y receptor Y5 [Homo sapiens] 
neurotensin receptor 1 [Homo sapiens] 
5 -hydroxy trypt amine (serotonin) receptor 1.. 
neurotensin receptor 1 [Homo sapiens] 
6 protein-coupled receptor 8 [Homo sapiens] 
5 -hydroxy trypt amine (serotonin) receptor 1.. 
Burkitt lymphoma receptor 1, isoform 1; C-.. 
6 protein-coupled receptor 52 [Homo sapiens] 
histamine receptor HI; histamine receptor, . . 
chemokine (C-C motif ) receptor 2; chemokin.. 
Burkitt lymphoma receptor 1, isoform 2; C-.. 
retinal pigment epithelium- derived rhodops . . 
G- protein coupled receptor [Homo sapiens] . . 
formyl peptide receptor-like 2 [Homo sapie.. 
5 -hydroxy trypt amine (serotonin) receptor 5.. 
6 protein- coupled receptor 7 [Homo sapiens] 
G protein -coupled receptor 91 [Homo sapien.. 
neuropeptide Y receptor Y6 (pseudogene) [H.. 
galanin receptor 1 [Homo sapiens] >gi|l476.. 
5- hydroxy tryptamine (serotonin) receptor 6.. 
6 protein-coupled receptor 15 [Homo sapien.. 
angiotensin receptor 2 [Homo sapiens] >gi | . . 
chemokine (C-X3-C) receptor 1; chemokine (., 
purinergic receptor P2Y, G-protein coupled.. 
BBV- induced 6 protein- coupled receptor 2; 
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adrenergic, alpha- 2 A-, receptor [Homo sapi . . . 
beta-l-adrenergic receptor [Homo sapiens] 
O protein-* coupled receptor 24 [Homo sapien... 
f ormyl peptide receptor-like 2 [Homo sapie . . . 
G protein- coupled receptor 7 [Homo sapiens} 
similar to somatostatin receptor-like prot... 
chemokine (C-X-C motif), receptor 4 (fusin.., 
adrenergic, alpha-2B-, receptor (Homosapi.., 
similar to C-X-C CHEMOKINB RECEPTOR 1TPE 4... 
f ormyl peptide receptor- like 1; lipoxin A4... 
6 protein- coupled receptor 66 [Homo sapien. • . 
5-hydrox^ryptamine (serotonin) receptor 1.., 
41064 [Homo sapiens) 

chemokine (C-C motif ) receptor 4; chemokin... 
chemokine (C-C motif ) receptor 2; chemokin... 
opiate receptor-like 1 [Homo sapiens) >gi | . . . 
G protein- coupled receptor 21 [Homo sapien... 
34426 [Homo sapiens) 

chemokine -like receptor 1 [Homo sapiens] >... 
chemokine -like receptor 1 [Homo sapiens] 
5-hydraxytryptamine (serotonin) receptor 1... 
arginine vasopressin receptor 2 [Homo sapi . . . 
opsin 1 (cone pigments), long-vave-sensiti. . . 
similar to PROBABLE G PROTBlN-OO0PIiED R6CB... 
adenosine Al receptor [Homo sapiens) >gi|l... 
similar to pancreatic polypeptide receptor... 
angiotensin receptor 1 ; angiotensin recept . . . 
adrenergic, alpha-2C-, receptor [Homo sapi... 
6 protein- coupled receptor 17 [Homo sapiens) 
angiotensin receptor 2 [Homo sapiens] 
chemokine (C-C motif) receptor 6 [Homo sap... 
opsin 1 (cone pigments), medium- wave- sensi, . . 
similar to chemokine (C-C motif) receptor . . . 
purinergic receptor P2Y, G-protein coupled.,, 
purinergic receptor P2Y, G-protein coupled. . , 
chemokine (C-C motif ) receptor 6; chemokin.., 
opsin 1 (cone pigments), short-wave - sensi t. . . 
orphan seven- transmembrane receptor, chemo. . , 
chemolcine (C-C motif) receptor 9 (Homo sap. . , 
opsin 1 (cone pigments), short-wave-sensit. . . 
similar to C-C CHBMOKIHE RECEPTOR TYPE 11 . . . 
chemokine (C-C motif) receptor 5; chemokin.., 
chemokine (C-C motif) receptor 9, isoform ... 
5 -hydroxytryptamine (serotonin) receptor 2.., 
putative purinergic receptor [Homo sapiens . . , 
6 protein- coupled receptor 32 [Homo sapien. . . 
6 protein -coupled receptor 85; super cozise... 
G protein- coupled receptor [Homo sapiens) . . . 
cysteinyl leukotriene CysliT2 recepton cDN. . , 
growth hormone secretagogue receptor (Homo . . . 
opsin 3 (encephalopsin) [Homo sapiens) 
opsin 3 (encephalopsin) [Homo sapiens] >gi . . . 
G protein- coupled receptor 5 [Homo sapiens . . . 

super conserved receptor expressed in brai 

G protein -coupled receptor 34 [Homo sapien... 
G protein- coupled receptor [Homo sapiens] . . , 
chemokine binding protein 2 [Homo sapiens) . . . 
G protein-coupled receptor 65 [Homo sapiens] 
6 protein- coupled receptor 20 [Homo sapiens) 
G protein- coupled receptor 23 [Homo sapien... 
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adrenomedullin receptor; G- protein- coupled. . 
coagulation factor II (thrombin) receptor-., 
bradykinin receptor Bl [Homo sapiens] 

5 - hydroxy tryptamine (serotonin) receptor 1.. 

6- protein coupled receptor SALPR; soma tost., 
histamine H4 receptor [Homo sapiensj >gi|l.. 
S-hydroxytaryptamine (serotonin) receptor 2.. 
G protein- coupled receptor 65; T-cell deat.. 
G protein-coupled receptor 39 [Homo sapien. . 
bradykinin receptor Bl [Homo sapiens] 

G protein -coup led receptor 72 (Homo sapien.. 
histamine receptor H3 [Homo sapiens] 
arginine vasopressin receptor 2 [Homo sapi . . 
histamine receptor H3; G protein- coupled r.. 
34432 [Homo sapiens] >gi 1 14786758 1 ref |XP_0 . . 
6 protein- coupled receptor 4 (Homo sapiens., 
adenosine A3 receptor [Homo sapiens] >gi|l.. 
endothelial differentiation, sphingolipid . . 
G protein- coupled receptor 61 [Homo sapiens] 
f ormyl peptide receptor 1 [Homo sapiens] > . . 
endothelin receptor type isoform 1 [Horn. . 
endothelin receptor type B, isoform 1 [Horn., 
endothelin receptor type B isoform 2 [Homo., 
bradykinin receptor B2 [Homo sapiens] >gi | . . 
bradykinin receptor B2 [Homo sapiens] >gi j . . 
G protein- coupled receptor 25 [Homo sapiens] 
G protein- coupled receptor [Homo sapiens] 
G protein- coupled receptor 68; Ovarian can.. 
G protein- coupled receptor 38 [Homo sapien. . 
platelet ADP receptor [Homo sapiens] >gi|l.. 
olfactory receptor, family 10, subfamily H. . 
similar to cannabinoid receptor 1 (brain) . . 
pyrimidinergic receptor P2Y, G- protein cou. . 
central cannabinoid receptor, isoform a; C. . 
seven transmembrane receptor BLTR2; leukot.. 
olfactory receptor, family 2, subfamily B, . . 
platelet -activating factor receptor [Homo . . 
similar to MEIiANOCYTB STIMUIiATING HORMONE . . 
olfactory receptor, family 2, subfamily S, . . 
central cannabinoid receptor, isoform a; C. . 
48895 [Homo sapiens] >gi 1 14724697 1 ref |XP_0. . 
melanocortln 1 receptor (alpha melanocyte . . 
neuromedin 0 receptor 2 [Homo sapiens] 
G protein-coupled receptor 1 [Homo sapiens] 
G protein- coupled receptor 37 (endothelin . . 
coagulation factor II (thrombin) receptor-.. 
6 protein- coupled receptor 25 [Homo sapiens] 
complement component 5 receptor 1 (CSa lig. . 
41743 [Homo sapiens] 

CC chemokine receptor 10 [Homo sapiens] >g, . 
G protein- coupled receptor 30; chemokine r. . 
CC chemokine receptor 10 [Homo sapiens] 
chemolcine (C-C motif) receptor 7; Chemokin. . 
28062 [Homo sapiens] >gi| 14721034 1 ref |XP_0. , 
putative chemokine receptor; GTP-binding p. . 
follicle stimulating hormone receptor; ova., 
olfactory receptor, family 3, subfamily A,., 
follicle stimulating hormone receptor [Horn. . 
G protein- coupled receptor 44; chemoattrac. . 
similar to putative chemokine receptor; GT. . 
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putative chemokine receptor; GXP-binding p. . 
olfactory receptor, family 1, subfamily A, . . 
putative G protein- coupled receptor 92 [Ho. - 
melanocortin 4 receptor [Homo sapiens] 
olfactory receptor, family 11, subfamily A- . 
pyrimidinergic receptor P2Y, 6-protein cou. . 
melanocortin 4 receptor [Homo sapiens) 
G protein- coupled receptor 43 [Homo sapien. . 
olfactory receptor^ family l, subfamily A, . . 
olfactory receptor, family 12, sxibfamily P. . 
olfactory receptor, family 10, etibfamily H.. 
olfactory receptor, family 7, subfamily C, . . 
6 protein- coupled receptor 12 [Homo sapien. . 
endothelin receptor type A [Homo sapiens] 
melanocortin 5 receptor [Homo sapiens] >gi . . 
prostate specific G-protein coupled recept.. 
endothelin type b receptor-like protein 2 . . 
olfactory receptor, family 1, subfamily E, . . 
melanocortin 2 receptor; Melanocortin- 2 re., 
olfactory receptor, family 1, subfamily F, . . 
purinergic receptor P2Y, 6-protein coupled. . 
9onadotzx>pin-releasing hormone receptor [H. . 
purinergic receptor P2y, 6-protein coupled. . 
endothelial cell differentiation gene 7; c. 
olfactory receptor, family 10, subfamily H-. 
olfactory receptor, family 1, subfamily A, . . 
olfactory receptor, family l, subfamily A,., 
coagulation factor II receptor precursor; 
olfactory receptor, family 2, subfamily F, . . 
putative 6-protein- coupled receptor; 6 pro. . 
olfactory receptor, family 2, subfamily P, . . 
prostaglandin B receptor 4 (subtype BP4) [.. 
putative leukocyte platelet -activating fac. 
olfactory receptor, family 5, subfamily V 
coagulation factor II receptor precursor [ • . 
similar to olfactory receptor 89 (R. sapie 
olfactory receptor, family 2, 
olfactory receptor, family 3, 
olfactojry receptor, family 3, 
G protein -coupled receptor 35 
complement component 3a receptor 1; contple.. 
G protein -coup led receptor 31 [Homo sapiens] 
coagulation factor II (thrombin) receptor- . . 
olfactory receptor, family 1, subfamily 6,.. 
coagulation factor II (thrombin) receptor- . . 
olfactory receptor, family 7, subfamily A,., 
olfactory receptor, family 10, subfamily C. . 
olfactory receptor, family 1, subfamily D, . . 
similar to coagulation factor II (thrombin. . 
leucine- rich repeat- contiaining 6 protein- c. 
inflammation-related 6 protein- coupled rec. 
putative purinergic receptor [Homo sapiens . . 
olfactory receptor, family 7, subfamily C, . . 
olfactoxy receptor, family 52, subfamily A., 
similaur to NONB_RETORNED (H. sapiens) [Horn.. 
G pirotein- coupled receptor 31 [Homo sapiens) 
olfactory receptor, family 1, subfamily E, . . 
olfactory receptor, family 1, subfamily P, . . 
super conserved receptor expressed in brai . . 
melanocortin 3 receptor [Homo sapiens] 
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olfactory receptor, family 2, subfamily . . 
olfactory receptor, family 1, subfamily D, . . 
olfactory receptor, family 1, subfamily D, . . 
similar to adrenergic, beta-3-, receptor 
melanocortin 3 receptor [Homo sapiens] 
6 protein-coupled receptor 86 [Homo sapiens) 
G protein- coupled receptor 86 [Homo sapiens] 
endothelial differentiation, lysophosphati. . 
platelet activating receptor homolog [Homo., 
endothelial differentiation, sphingolipid . . 
G protein- coupled receptor 41 [Homo sapien. . 
G protein- coupled receptor 42 [Homo sapiens) 
putative chemokine receptor [Homo sapiens) . • 
olfactory receptor, family 1, subfamily P, • . 
luteinizing hormone/ choriogonadotropin rec. . 
luteinizing hormone/choriogonadotropin rec. 
luteinizing hormone/choriogonadotropin rec. 



20 Example 14. RiboreporterPDE target vaJidatioii 

Riborq)OTters are raised against various subclasses of PDE for target validation. For 
example riboreporters are raised against each of four PDE4 subtypes. The four subclasses of 
PDE4 are differently localized both between cells and with differ with respect to their 

25 intracellular distribution. This differential localization, together with the transcriptional 

regulation and post-translational modification, controls the cAMP level in cells in response to 
flie cells* enviromnent(Muller, Engels et aL 1996). 

The cDNAs for four PDE4 subtype are cloned from human blood leukocyte cDNA 
library as described (Wang, Myers et aL 1997). Bach subclass can be expressed as 

30 recombinant protem fused with His-tag in E. coli or insect cells (Richter, Hermsdorf et al. 
2000) (Wang, Myers et al. 1 997) . ITie pressed proteins are purified Ifarou^ Ni^ columns 
accordmg to manu&cturer's recommendation (Promega). Ribc^eporters against four subclass 
of PDE4 are raised as described above. The riboreporters are tested for their subclass 
specificity. 

35 Tissue samples fiiom diff^^nt organs can be prepared, and fte ceD extract can be 

tested against a panel of PDE4 subclass-specific riboreporters to determine &e protem level 
of each PDE in the organ. Thus, one can obtain more precise information about FDE4 levels 
relative to methods based on measurmg the mRNA level (Bloom and Beavo 1996) 
(Obemolte, Ratzliff et al. 1997) (Nagaoka, Shirakawaet al. 1998). 

40 Different classes of PDE (PDEl -1 1) are expressed tissue-specific manner and play 

different physiolo^cal rolesCConti 2000), and the subcellular localization of PDE regulates 
their activity. Accordmgly, the riboreporter can be used to determine the subcellular 
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localization of each PDE fixnn fiactionated cell extracts (Bolger, Erdogan et al. 1997), or in 
situ hybridization technique (Sirinammitr, Panl et al. 1997). 

Example 15. NncleofideSequeDceaod Activity of a cAMP-dependentPDE 
5 riboreporter 

Ihe nucleotide sequence of a cAMP-dependent PDE riboreporter and cGMP- 
dependent riboreport^ is presented below. Allosteric domains and cleavage site nucleotide 
are shown in bold font 



cAMP-Hammerhead RNA seq; 

5' • GG6C GAC CC DGA XJGA GCC XTGIT 66& AAC A6A C6D 66C ACA tXGA CUA CGV CGA AAC 
GOT GAA A6C CGO A66 UU6 CCC -3' {SEQ ID KOr34) 



cGMP-Hammerhead RKA seq: 

5' - GG6C GAC CC U6A UGA GCC CXJQ CGA U6C AGA AAG 6U6 CUG ACO ACA CAU CGA AAC 
GGU GAA AGC CGD AGG UUG CCC -3' (SEQ ID N0:35) 

The cAMP and cGMP-dependent riborqx)rters were added to a solution containing 
various amounts of PDE and the corresponding cyclic nucleotide (cAMP or cGMP). The 
decreasing amount of the cyclic nucleotide corresponds to the increasing amount of PDE. 
These results demonstrate that the cyclic nucleotide-dependent riboreporters can be used to 
measure PDE activity. 

Example 16. High Throughput Screening (HTS) assays using cAMP-dq)c»dent PDE 
riboreporters 

A cAMP-dependent riboreporter can be used in HTS assays for PDEs (PDEl, PDE2, 

*DTM3'2 "DTlX:/! UTMST T>TM?0 T>TM?1A 1>TM71 1\ Oi^M^-U. ^r^X/m J 4. ^ 

A x^x^^y X j^x^Tf A jL^jk^i, X jurj^o, X xj'X^x cuiu X x^x:^! X /. ^uimaJLiyy cvJiYlx -*u&jpciiudj|.*iiuuicpuiicja 

can be used in HTS assays for PDEs (PDES, PDE9, PDE10,and PDEl 1). Representative 
cAMP-dependent and cGMP-dq)cndent PDE riboreporters are shown in Example 15* 

Each class of PDE can be isolated from human tissue (Ballard, Gingell et al. 1998), or 
expressed as recombinant proteins in various system (e.g. E coli, SF9 cells). Thus, the 
riboreporter can monitor the PDE activity m the presence and the absence of candidate drugs. 
For example, PDE and its substrate (i.e. cAMP and/or cGMP) are incubated at predetermined 
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durations in a rauhiwell chamber (e.g. 96, 384 well) with various concentration of 
compounds fcMr screening, and the reaction is tenninated by changing the buffer conditions 
(e.g. addition of sufficient amount of EGTA, shifting buffer pH), or by separating enzyme 
and substrate (e.g. Alteration). Next, the riboreport^s are added to measure the altered 
5 concentration of the substrate, cAMP and cGMP. Alteraatively, reengineered riboreporter 
(e.g. FRET, riboreporter beacon) as described previously can be added without terminating 
the PDE activity. 

cAMP- or cGMP-dqpendent riboreporters can also be used to characterize the IC50 of 
the drug in vitro. A PDE assay is performed with serial dilutions of a compound of mterest 

0 Purified PDE or soluble extract from cells(Moreland, Goldstein et al. 1998) can be used for 
the assay. The assay can be p^ormed as described above. 

Ahematively, cAMP- or cGMP-dependent riboreporters arc used to characterize the 
IC50 values of drug candidate m vitro, by analyzing cAMP- or cGMP synthesized by adenyl 
and guanyl cyclases. Adenylate and guanylate cyclase assays will be set up with series 

5 dilution of a compound of interest. Membrane fractions containing Adenylate and guanylate 
cyclases are used for the assay. The assay can be setup as described in the Iherature usmg 
ATP or GTP as the substrate. 



Example 17* Competitive assay using PDE riboreporters 

RibOTeportm are generated that interact widi the active sites of PDEs. PDE4 protdns 
are obtained as described above. The riborqx>rters are selected against PDE4 with negative 
selection in the presence of PDE4 complexed wifli sufananomolar inhibitc»r (Rolipram). 
Thus, the ribcHreportor requires an empty active site to recognize PDE4, and riboreporters 
compete for FDE binding wi A inhibitors. 

The du-ect inhibition by the riboreportors can be tested using commerically available 
PDE assay kits (Amersliam SPA assay kit for cAMP, Molecular Devices HEEP cAMP assay 
Idt). In drug screening, die competition is performed witfi monitoring the signal from 
riboreporters in &e presence of various inhibitors* Purified PDE or soluble ceU extract from 
appropriate source (e.g. Wistar rat brain, (Andersson, Gemabnaz ^ al. 1999) ) is incubated 
with riboreporters (lOOnM) in the presence and the absence of compounds in IQmM Tris 
buffer pWJS containing IQmM MgCb. The changes in the initial rate of each riboreporter 
response in the presence and the absence of the drug can be monitc^ed in homologous 
system. Multiple PDEs can be tested against a same compound in the same welL This assay 
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is expanded if desired to detennine the tissue specific interaction of each class of PDE and 
any compounds. 

Example 18. Cell-based assays using cyclic nncleotide-dependent PDE riboreporters 
5 Riboreporters are used to monitor the cellular cAMP and cGMP level as response to 

the injection of drugs in tissue or rat cell lines. For example, strips of human corpus collasum 
(HCC) tissue or rat HCC cell lines (Nl S 1 and McA-RH7777 cells) can be incubated m the 
presence and absence of a drug against PDE5(Min, Kim et al. 2000) (Arora, de Groen et al. 
1996), and the cGMP specific riboreporter can be used to measure the amount of cGMP in 
0 soluble extract jfrom the tissue or cell sample as described above. 

Alternatively, tiie cAMP, and cGMP-dependent riboreporters are incorporated into a 
reporter-gene plasmid as described above. This construct is introduced in cell lines by 
standard transfection (e.g. lipid-mediated transfection, calcium-phosphate co-precipitation, 
micromjection> electroporadGn, retroviral infection). The level of cGMP or camp in the cell 
5 is measured by the expression of the reporter gene. 

Example 19. Pharmacokinetics studies using riboreporters 

Riboreporters for drugs in preclinical and clinical trial for pharmacokinetics studies 

are prepared. A human serum sample mth or without tiie administration of a drug or other 
10 therapeutic agent is prepared (Berzas Nevado, Rodriguez Flores et al. 2001). Hie 

riboreporter is added to the sample. The riboreporter is then detected, thereby measuring the 

drug concentration in the whole serum or extract firom the serum. 

The riboreporter for drugs can also be used to determine the drug distribution in an 

animal model system. For example, a drug can be administrated in animals (i.e. Sprague 
tS Dawley rats. New Zealand white rabbit) by IV or orally(Ander5Son, Gemalmaz et aL 1999) 

(Jeremy, Ballard et al. 1997). At various time intervals after drug administration, tiie animal 

is sacrificed. Various organs are tested for the drug distribution by in situ hybridization usmg 

the drug-dependent riboreporter. Alternatively, each organs/serum is prepared for 

pharmacokinetic studies as described above. 

Example 20* Cell-permeability studies using riboreporters 

Riboreporters against a test compound are used to test cell permeability of the 
compound. These riboreportm can be incorporated into a reporter gene construct, if desired, 
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to make a drug-sensitive reporter gene system as described above. This construct is 
introduced in established cell lines (e,g. HELA cells, 293 cell, CHO cell). The cells are 
cultured m various concentrations of drug in media, and the expression of the reporter gene is 
monitored. 

Example 21. Class specific PDE assay 

Riboreporters raised against catalytic domains of each class of PDEl-1 1 are prepared. 
We raise riboreporters against the catalytic domains of all PDEs. These riboreporters can be 
used for target validation as described above. 

Alternatively, the riborqwrters are used in competitive inhibition assays. Competitive 
riboreporters are used in vitro assays to screen compounds against multiple PDEs in 
multiplex assays, as described above. 

Example 22. Riboreporters activated by native ERKl and native ERK2 emymes. 

A 74 nucleotide hammerhead riboreporter that is activated by native ERKl and native 
ERK2 enzymes the nucleotide sequence and regions of secondary structure shown in Figure 
1 5A (EHHl 3) (SEQ ID NO:37) along with a substrate (SEQ ID NO:38). A partially double- 
stranded DNA construct that can be used to express the EHHl .3 riboreporter is also shown 
(SEQ ID NO:39 and SEQ ID NO:40). The hammerfiead riboreporter and additional substrates 
are shown in Figure 15B as SEQ ID NOs: 41-45. 

The time course of signal generation in the presence of nonphosphorylated ERK, 
phosphorylated ERK, and in the absence of protein is deteraiined by measuring signal 
released aver time by a radiolabeled riboreporter. Significant amounts signal, corresponding 
to cleavage of the riboreporter is observed over time only with the nonphosphorylated ERK. 
The signal obtained usmg the riboreporter decreases if the riboreporter is incubated with the 
enzyme in the presence of an ERK inhibitor. The decrease in riboreporter signal is 
dep^dent on the concentration of the inhibitor. 

These results dmonstrate that the riboreporter is specilQc for the non-phosphorylated 
form of the ERK. 
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Example 23. Riboreporters activated by ppERK 

A riboreporter activated by ppERK is shovm in Figure 16 as SEQ ID NO:46 along 
with associated substrates (SEQ ID NC^:47-51). The riboreporter and substrate HSLl (SEQ 
ID NO:47) are allosterically activated by ppERK. 

5 

Example 24. thronghpat screening (HTS) assays using ppERK riboprobes 

The competitive inhibitor riborepoitcr can be used in a HTS assay. A riboreporter 
specific for phosphorylated ERK is used as a competitive inhibitor for ATP binding (Seiwot, 
Stines Nahreini et al. 2000). A competitive assay for compounds is established by incubating 
1 0 ERK with 1 OnM riboreporter in the presence of various concentrations of the inhibitors in 
lOmM Tris buffer pH7.5 containmg 0.5ug/ul tRNA and IQmM MgCk- The reactions are 
terminated by addition of EDTA and the amount of reacted riboreporter is 
determined(figure). 

In othar embodimmt, the riboreporters that are sensitive for the pho^horylation state 
15 of peptides (or protem substrates) can be used HTS assay fijr kinase activity. The 

riboreporters can be raised specific against ^e phosphorylation state of substrates or its 
peptides(see table). HTS assay can be performed usmg these substrate (Mansour, Candia et 
al. 1996). For example, MEK can be expressed as GST-tagged protein and purified by a 
standard method. The activity are measured at 30 C under standard reaction conditions of 
20 20 mM HEPES (pH 7.4), 2 mM dithiothreitol, 0.01% Triton X-100, 10 mM MgClz, 0.1 mM 
ATP, and IM His-tagged ERK2, at concaitrations of MEK, 0.5 nM, in the presence of 
various cpncentration of compounds . After incubation, the reaction is temunated by 
absoibing MEK with GST-column. Pho^horylation of ERK2 was quantified by 
riborq)orter. Attonatively the riboreporter can be used in westem-blotting format 
25 (Bianchini, Radrizzani et al. 2001). 

The riboreporter specific for phosphoERK (ppERK) described m Example 23 binds to 
ppEKK, presumably m a competitive manner at tiie active site of the Idnase enzyme, and 
inhibits the phosphorylation of the ppERK substrate by ppERK enzyme. Up to 200 nM 
riboreporter inhibits up to 80% of the ppERK phosphorylation of ERK substrate. 

30 

Example 24. In vivo assays using phosphorylation state-sensitive riboreporters 

The phosphorylation state sensitive ppERK riboreporter is used to determine drug 
efficacy in vivo (e.g. tissue and cell culture). For example, T84 cells on glass coverslips are 
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incubated in tfie presence and the absence of the MEK kinase inhibitor, and cells are fixed by 
4% paraformaldehyde and permeabilized using 03% Triton X-100. The slides are incubated 
with FRETriboreporter (Bianchini, Radrizzani et al. 2001). The localization of 
phosphorylated substrate can be observed using a confocal microscope. 

5 Altematively, phosphorylation-state-sensitive riboreporter are incorporated into 

reporter-gene constructs discussed above. These constructs are introduced into cells, and 
phosphorylation of the substrates is monitored. 

Riboreporters made of nuclease resistant forms of allosteric- hammerfiead, -ligase or - 
hairpm ribozymes are transfected into manunalian cells usuig standard lipofectamine reagents 

0 or liposomal solutions known to effect internalization an cellular uptake of polynucleotides. 

If desired^ the riboreporter allosteric- hammeibead, -ligase or -hairpin ribozymes or 
aptamer beacons or signaling apatamers are attadbed to polypeptides such as tar or 
antennapoedia or the like and are transported into mammalian cells by methods known in the 
art. 

5 The activity of riboreporter systems is followed by changes in fluorescence if the 

RiboreportCT is fluorescently tagged, or by changes in size as determined by RT-PCR of 
product and substrate forms of the allosteric ribozyme. 

Example 25. High Throughput Screening ^TS) Assay using G protein riboreporters 

:0 Activated Ga-protein dependent riboreporters are used in vitro to test the efficacy of 

flic agonists and inverse agonists for any GPCR. Gia--protein cDNA can be obtained 
(Guthrie cDNA resource Center) and expressed in E coli as His-tagged protein(Lee, Linder et 
al. 1994). GDP or GTP^S are added during the purification to avoid degradation. GDP- 
complex Gia-protein and GTP-compIex Gia-protein are used to raise riboreporters. 

15 GTP-complex Gia-protein(activated-Gia-protem)-dependent riboreporter are tested 

in a binding assay to screen the selected riboreporters with desirable properties. For example, 
membrane fraction of C6 gloom cells in 12-well plates are loaded for 16 h in the presence 
and the absence of adrenaline. Cell lysate can be tested for activated Gia-protein-dependent 
riboreporter response. Alternatively, the competitive binding for adenylyl cyclase is tested 

10 following the inhibition of adenylyl cyclase activity by activated Gia-protein in the presence 
of riboreporters by a modified assay based on a previously described assay(Burt, Saut6 et al. 
1998). 
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Ad«iylyl cyclase activity is measured as described in the presence and tiie absence of 
riboreporters (Kozasa and Gibnan 1995). Cell membranes from HeLa cells transfected with 
human cloned 5-HTia receptors resuspMded in buffer are used to screen compounds. The 
membranes are incubated with 30 M GDP and decreasing concentrations of test drugs (from 
5 100 pM to 0.1 nM) or decreasing concentrations of 5-HT, from 100 M to 0.1 nM (ref^ence 
curve) for 20 min at 30 C in a final volume of about 0.5 mL (Stanton and Beer 1997). Then 
samples arc added with GTPS and Ac riboreporters and tiien incubated for a further 30 min at 
30 C. 

Alternatively, riboreporters are raised that depend on the presence of OP-protein 
10 uncomplexed with Ga-protein. There are four known classes of G^-protein. Gp-protein 
complex with Gy-protein can also play important roles in the signal transduction. Aftc^ 
dissociation from alpha subunit, this complex is known to regulate various target protein, 
such as GRKs, Raf kinase, adenylyl cyclase, PLCs and ion channels. Producing block the 
comply for activating their eflfectors. 

15 

Example 26. Cell-based assays using GFCR riboreporters 

GPCR riboreporters are used in cell-based assay using modifications of previously 
described GPCR assays (Hun, Ellington et al. 2001). For example, p-adrenergic receptor can 
be expressed in CHO cells. CHO cells are grown in mukiwell tissue culture plates in 

'20 Dulbecco's modified Eagle media (DMH^ with 10% fetal bovine serum. On Ae day of 
assay, medium was replaced with 02 mL treatment medium containmg DMEM media 
containing 250 M IBMX (isobutyl-l-methylxantine) plus 1 mM ascorbic acid with test 
con4>ound dissolved in DMSO. Test compounds are added at a desired concentration range 
(c.g. lO"* to 10"^ M). Isoproterenol (10'^ M) is used as an internal standard for comparison of 

25 activity. Cells were incubated at 37 C on a rocker for 15-30 min. Then cells are lysed and 
the level of the activated Ga-protein is measinred by Ae ribore^orter. The 
screened in the same format in the presence of the known agonist by detecting the decreasing 
amount of the activated Ga-protein. 

Alternatively, the agonism and the antagonism of compounds for specific or general 

30 GPCR is measured using the riboreporter. For ©cample, evaluation of compounds for r 

antagonism can be performed using Sprague Dawley rats. The aorta Srom animal is isolated 

and freed of adhering connective tissue, Desmethylimipramlne (0.1 M) and corticosterone (1 

M) to block neuronal and extraneuronal uptake of noradrenaline, (±)-propranolol (IM) to 
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block p-receptors, and yohimbine (0.1 M) to block 2-recq)tors can be added. Aortic strips are 
incubated with various concentration of compounds in the presaice and the absence of 10 M 
noradrenaline. Then the cell extract can be prepared and the activated Gia-protem level in the 
cell can be measured with the riboreporters (Barlocco, Cignarella et al. 2001). 

5 

Example 27. Multiplex assays using IMPDH riboreporters 

The IMPDH type 1 polypeptide and IMPDH type 2 polypeptides share 84% 
homology. An aptamer is isolated based on its ability to bind the polypeptide IMPDH-1 
("IMPDH-1 Aptamer") is prepared, as is an aptamer that based on the ability to bind the 

10 polypeptide IMPDH-2 CTMPDH-2 Aptamer")- Activity of the aptamers is d^ermined in the 
presence of IMPDH-1, in the presrace of IMPDH-2, or in the absence of exogenous protein. 
Little binding is observed of either IMPDH-1 Aptamer or IMPDH-2 aptamer is observed in 
the absence of exogenous protein. While IMPDH-1 binds both IMPDH-1 and IMPDH-2 
polypeptides, the IMPDH-1 aptamer binds with higher aflBnity to IMDH-1 polypeptide. 

1 5 IMPDH-2 shows significant binding to IMPDH-2 polypeptide but shows no significant 
binding to IMPDH-1 polypeptide. 



Example 28. in vitro assay for GPCR activation by foUowing liberation of 6a-protein 
with Ga-protein dependent riboreporters. 

20 

Riboreporters raised agdnst Ga-protem subunits are used to test the efficacy of 
agonists and mverse agonists for any CSPCR in vitro using activated G. For example, 
Gia-protien cDNA can be obtained (Guthrie cDNA resource Center) and expressed in E coli 
as His-tagged protem(Lee, Lind«: et al. 1 994). GDP or GTP-^S are added during the 

25 purification to avoid degradation. GDP-complex Gia-protein and GTP-compIex Gia-protein 
are used to raise riboreporters. GTP-complcxGia-protein(activated-Gia-protein)-dependent 
riboreport^ can be tested for the binding assay to screen the selected riboreporters with 
desirable properties. For example, membrane fi^ction of C6 glioma cells in 12-well plates 
were loaded for 16 h in tiie presence and the absence of adrenaline. Cell fysate can be tested 

30 for activated Gia-protein-dependent riborq)orter response. Alternatively, the competitive 
binding for adenylyl cyclase can be tested following the inhibition of adenylyl cyclase 
activity by activated Gia-protein in the presence of riboreporters by a modified assay based 
on a previously described assay(Bur^ Sautel et al. 1998). 
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Admylyl cyclase activity can be measured as described in the presence and the 
absence of riboreporters (Kozasa and Oilman 1995). Cell membranes from HeLa cells 
transfected with human cloned 5-HTi a receptors resuspended in buffer can be used to screen 
compounds. The membranes are incubated with 30 mM GDP and decreasing concentrations 
5 of test drugs or decreasing concentrations of 5-HT, from 100 M to 0.1 nM (reference curve) 
for 20 nun at 30 C in a final vohune of about 0.5 mL (Stanton and Beer 1997). Then 
samples are added with GTPS and the riboreporters and then incubated for a further 30 mm at 

Riboreporters can also be raised that are depend on the presence of Op-protein 
0 uncomplexed with Ga-protein. There are four known class of G|3-protein. Gp-protein 
complex with Gy-protein can also play unportant roles in the signal transduction. A&er 
dissociation from alpha subunit, this complex is known to regulate various target protein, 
such as GRKs, Raf kinase, adenylyl cyclase, PLCs and ion channels. Phosducin block the 
complex for activatmg their effectors. 



Example 29. Cell-based assay GFCR assay following Ga-activation. 

Riboreporters are used in cell-based assay in similar to the assay described 
previously(Hu, Ellingboe et al. 2001). For example, P-adrenergic receptor can be e^qwessed 
in CHO cells, CHO cells are grown in muhiwell tissue culture plates in Dulbecco's modified 
Eagle media (DMEM) with 10% fetal bovine serum. On die day of assay, medium is replaced 
with 02 mL treatment medium containing DMEM media containmg 250 mM IBMX 
(isobutyH-methykantine) plus I mM ascorbic acid with test compound dissolved in DMSO. 
Test compounds are added at a desired concentration range (e.g. 10'^ to 10"^ M). 
IsoproterenlO'^ M) is used as an internal standard for comparison of activity. Cells were 
incubated at ST" C on a rocker for 15-30 mm. Then cells are lysed and the level of the 
activated Gct-prctein be m^sured by the riboreporter. The antagonist can be screening 
in the same format in the presence of the known agonist by detecting the decreasing amount 
of the activated Ga-protein. 

Alternatively, the agonism and the antagonism of compounds for specific or g^eral 

GPCR can be measured using the riboreporter. For example, evaluation of compounds for 

antagonism can be performed using Sprague Dawley rats. The aorta fit>m animal is isolated, 

freed of adhering connective tissue. Desmethylimipramine (0.1 M) and corticosterone (1 M) 

to block neuronal and extraneuronal uptake of noradrenaline, (±)-propranolol (IM) to block 
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P-receptors, and yohimbine (0.1 mM) to block 2-receptors can be added. Aortic strips can be 
incubated with various concentration of compounds in the presence and the absence of 10 
mM noradrenaline. Then the cell extract can be prepared and the activated Gia-protein level 
in the cell can be measured with the riboreporters (Barlocco, Cignarella et al. 2001). 

Example 30* Multiplex assay for Ga-proteins 

Riboreporters are raised whose activity is dq>endent on multiple activated G-proteins. 
Human G-protein cDNAs are obtained from publicly available databases or are cloned by 
RT-PCR from polka-RNA pool of appropriate source. They can be expressed as described 
above and use to select riboreporters. The readouts for multiplex assay system are discussed 
above. 

The following references provided include additional information, the entirety of 
which is incorporated herein by reference. 
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CLAIMS 

f 

1. A nucleic acid sensor molecule, the nucleic acid sensor molecule comprising 

a target molecule activation site, the target molecule activation site comprising 
a structure that recognizes a target molecule and 
an optical signaling unit, wherein said optical signaling unit includes at 
least one nucleotide coupled to a signaling moietj^ and wherein said 
signaling moiety changes its optical properties upon allosteric 
modulation of said nucleic acid sensor molecule following recognition 
of said target molecule. 

2. The nucleic acid sensor molecule of claim 1, wherein said optical signaling unit 
comprises a first nucleotide coupled to a first signaling moiety and a second nucleotide 
coupled a second signaling moiety, and wherein sdd first and second signaling moieties 
change proximity to each odier upon recognition of said target molecule by said target 
activation site. 

3. The nucleic acid sensor molecule of claun 2, wherein said first and second 
signaling moieties comprise a fluorescent label and a fluc»rescent quencher, and recognition 
by said nucleic acid sensor of said target molecule results in an increase in detectable 
fluorescrace of said fluorescent label. 

4. The nucleic acid sensor molecule of claim 2, wh^ein said first signaling moiety 
and said second signaling moiety comprise fluc^-escent eno-gy transfer (FRET) donor and 
acceptor groups, and recognition by said nucleic acid sensor molecule of s£ud target molecule 
results in a change in distance betwem said donor and acceptor groups, thereby changmg 
optical properties of said molecule. 

5. The nucleic acid sensor molecule of claim 1, wherein said optical signaling unit 
consists ess^aUy of a first signaling moiety, wherein said first signaling moiety changes 
conformation upon recognition by said target molecule of said target activation site, tbmby 
resulting in a detectable optical signal. 



116 



wo 02/22882 



PCTAJSOl/28835 



6. The nucleic acid sensor molecule of claim 1, wherein sad nucleic acid sensor 
molecule includes at least one modified nucleic acid. 

7. The nucleic acid sensor molecule of claim 1, wherein said nucleic acid sensor 
S molecule is KNA. 

8. The nucleic acid sensor molecule of claim 1, \^erein said nucleic acid sensor 
molecule is DNA. 

10 9. The nucleic acid sensor molecule of claim 4, wherein said nucleic acid sensor 

molecule is KNA. 

1 0. The nucleic acid sensor molecule of claim 1, wherein said target molecule is a 
polypeptide. 

15 

1 1. A method of detecting a target molecule, the method comprising 

providing a nucleic acid sensor molecule, the molecule comprising a target molecule 
activation site, the target molecule activation site comprising a structure that recognizes a 
target molecule and an optical signaling unit, wherein said optical signaling unit includes at 
20 least one nucleotide coupled to a signaling moiety; and wherein said signaling moiety 
changing its optical properties upon allosteric modulation of said nucleic acid sensor 
molecule; 

contacting said nucleic acid sensor molecule with a sample known to contain or 
suspected of containing a target molecule; and 
25 detecting said light signal, wherein said light signal indicates the presence of said 

target molecule in said population. 

12. The metfiod of claim 11, wherem said optical signaling unit comprises a first 
nucleotide coupled to a first signaling moiety and a second nucleotide coupled a second 

30 signaling moiety, and wherein said first and second signaling mdeties change proximity to 
each other upon recognition of said target molecule by said target activation site. 
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13. The method of claim 12, wherein said first and second signaling moiety 
comprise a fluoresc^t label and a fluorescent quencher, and recognition by said nucleic acid 
sensor of said target molecule results in an increase in detectable fluorescence of said 
fluorescent label. 

5 

14. The mediod of claim 11» wherein said first signaling moiety and said second 
signaling moiety comprise fluorescent energy transfer Q^REI^ donor and acceptor groups, 
and recognition by said nucleic acid sensor molecule of said target molecule results in a 
chan^ in distance between said donor and acceptor groups, thereby changing optical 

10 properties of said molecule. 

15. The method of claim 11, whorein said optical signaling unit consists essentially of 
a first signaling moiety, wherein said first signaling moiety changes conformation upon 
recogniticm of said target molecule by said target activation site, hereby resulting in a 

1 5 detectable optical signal. 

16. The method of claim 11, wha:etn said target molecule is associated with a 
pathological condition or genetic alteration. 

20 17. The method of clahn 1 1, wherein a plurality of nucleic add sensor molecules is 

provided 

1 8. The method of claim 1 7, whcaein a plurality of target molecules are detected. 

25 1 9. A diagnostic proSlc produced by the method of claim 1 8. 

20. The diagnostic profile of clahn 19, wherein said diagnostic profile is correlated 
with a wild-type state, a patiiological condition, or a genetic alteration. 

30 21. A method identifying a nucleic add sensor molecule, the method comprising 

providing a population of oligonucleotides, wherein said population comprises 
oligonucleotides comprising a first region comprising a random nucleotide sequence; 
contacting said population with a target molecule; and 
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identifying an oligonucleotide in said population that changes confonnation upon 
recognizing said target molecule. 

22. The method of claim 21, wherein said oligonucleotides fiirther comprise one or 
5 more fixed sequences coupled to said random sequence. 

23. The method of claim 22, vAicrem at least one of said fixed sequences includes at 
least a portion of a catalytic site for catalyzing a chemical reaction. 

10 24. The method of claim 23, wherein said catalytic site is selected from the group 

consisting of a ligase site, self-cleaving site, a Group I catalytic site, a Group II catalytic site, 
and a banuneihead catalytic site. 

25. The meftod of claim 22, A^viierem at least one of said fixed sequences includes a 
15 sequ^ce diat faciUtates cloning or sequence of said oligonucleotide. 

26. The method of claim 25, whmm said sequence is selected firom the group 
consisting of a PGR primer site, an RNA polymerase primer activation site, and a restriction 
endonuclease recognition site. 

20 

27. The method of claim 21, iniieretn said oligonucleotide is provided on a 
replicatable nucleic acid sequence. 

28. The mediod of claim 29, wherein said rqih'catabJe nucleic acid sequence is a 
25 . plasmid. 

29. The method of claim 23, wherein said random sequence includes a target 
activation site with the random sequence, \^ierein smd catalytic sequence is activated upon 
recognition of said target molecule to said target activation site. 

30 

30. The method of claim 23, wherein said method further comprises 

(]) identifymg target-molecule indep^dent catalytic oligonucleotides in said 
population that have catalytic activity in the absence of said target molecule; 
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(ii) removing said oligonucleotides from said population prior to contacting said 
population with said target molecule; and» optionally, 
repeating steps (i) and (ii). 

S 31. The method ofclaimlSy^^erem said method comprises 

(i) identifying target-molecule depmd^t catalytic oligonucleotides in said 
population, whcarein said target-molecule dependent catalytic oligouucleotides have catalytic 
activity upon recognizing said target molecule; 

(ii) removing said target-molecule dependent catalytic oligonucleotides from said 
0 population of oligonucleotides; and, optionaOy» 

repeating steps (i) and (ii). 

32. Tbe method of claim 30» wherein said method comprises 

(i) identifying target-molecule dq>endent catalytic oligonucleotides in said 

S population, vvhmm said target-molecule dq)endent catalytic oligonucleotides have catalytic 
activity upon recognizing said target molecule; 

(ii) rmoving said target-molecule dq)endent catalytic oligonucleotides from said 
population of oligonucleotides; and, optionally, 

repeating steps (i) and (ii). 

:o 

33. The method of claim 23, wherein said fixed sequence is a portion of a catalytic 
site, and said catalytic site is non-fimctional. 

34. The method of claim 33, who'ein said oligonucleotide includes a 3* nucleotide 
15 coiq>lab]e to a first signaling moiety and a 5' moiefy couplable to a second signaling moiety, 

whmin said first and second sigoaling moieties change proximity to each other upon 
recognition of said target molecule by said target activation site. 

35. Tbe method of claim 34, who^in said first and second signaling moieties 

iO comprise a fluorescent label and a fluorescent quencher, and allosteric modulation of said 
nucl^c acid sensor following recognition of said target molecule results in an increase in 
detectable fluorescence of said fluorescent labeL 
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36. The method of claim 34, wherein said first signaling moiety and said second 
signaling moiety comprise fluorescent aiergy transfer (FRET) donor and acceptor groups, 
and aDosteric modulation of said nucleic acid sensor molecule foUowmg recognition of said 
target molecule results in a change in distance between said donor and acceptor groups, 

5 thereby changing optical properties of said molecule. 

37. The method of claim 20, wherein said target molecule comprises a polypq)tide. 

38. The mefliod of claim 37, wherein said polypeptide is a secreted polypeptide. 

10 

39. The method of claim 37, wherein said polypeptide is a membrane-associated 
polypeptide. 

40. The method of claim 39, wherein said membrane is a plasma membrane. 

15 

41. Hie method of claim 37, wherein said polypeptide is a cytosolic polypeptide. 

42. The method of claim 37, wherein said polypeptide comprises the amino acid 
sequence of a nuclear hormone receptor (NHR) polypeptide. 

20 

43. The method of claim 37, wherein said polypeptide comprises tiie amino acid 
sequence of at least a fragment of a G-protein coupled receptor (GPCR) polypeptide. 

44. The method of claim 43, wherein said GPCR polypeptide is a human GPCR 
25 polypeptide. 

45. The method of claim 43, wherein said polypeptide comprises the amino acid 
sequence of a ligand-binding portion of a GPCR polypq)tide. 

30 46. The method of claim 43, wherein said polypeptide comprises the amino acid 

sequence of a GPCR polypeptide. 
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47. The polypeptide comprises the amino acid sequence of a phosphodiesterase 
(PDE) polypeptide. 

48. The method of claim 37, wherein the conformation change of said 

5 oligonucleotide upon recognizing said PD6 polypeptide is dependent on the presence of a 
cyclic nucleotide. 

49. The method of claim 48> \^erein said cyclic nucleotide is cAMP. 
10 50. The method of claim 48^ whea-ein said cyclic nucleotide is cGMP. 

51. Tlie method of claim 37, n^erein said polypeptide is modified polypeptide. 

52. The method of claim 37, herein said polypeptide comprises the amino acid 

1 5 sequence of a phosphodiesterase (PDE) polypeptide or a protein kinase polypq)tide (PK). 

53. The method of claim 52, T)^erein said PDE or PK polypeptide is a modified PDE 
or PK polypeptide. 

20 54. The method of claim 53, \^erein said modified PDE polypeptide or PK 

polypeptide is a phosphorylated PDE polypq>tide. 

55. The method of claim 53, wfaerdn said oligonucleotide binds with higher afiGnity 
to said modified PDE polypeptide or PK polypqptide than to an un-modified PDE or PK 

25 polypq}tide. 

56. An oligonucleotide identified by the method of claim 20. 

57. Aphiralityof nucleic acid sensor molecules, the phirality comprising two or 
30 more nucleic acid sensor molecule^ sdd two or more nucleic acid sensor molecules 

comprising 

a target molecule activation site, the target molecule activation site comprising 
a structure that recognizes a target molecule and 
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an optical signaling unit^ herein said optical signaling unit includes at 
least one nucleotide coupled to a signaling moiety; and wherein said 
signaling moiety changes its optical properties upon an allosteric 
modulation of said nucleic acid sensor moleciile following recognition 
5 ofsaid target molecule. 

58. The plurality of claim 57, wherein said optical signaling units in said two or more 
nucleic acid sensor molecules comprise a first nucleotide coupled to a first signaling moiety 
and a second nucleotide coupled a second signaling moiety, and wherein said first and second 

10 signaling moieties change proximity to each other upon allosteric modulation of said targ^ 
molecule following recognition by said target activation site of said target molecule. 

59. The plurality of claim 58, wherein said first and second signaling moieties 
comprise a fluorescent label and a fluorescent quencher, and allosteric modulation of said 

15 nucleic acid sensor following recognition of said target molecule results in an increase in 
detectable fluorescence of said fluorescent label. 

60. The plurality of claim 59, wherein said first signaling moiety and said second 
signalmg moiety comprise fluorescent energy transfer (FRET) donor and acceptor groups, 

20 and allosteric modulation of said nucleic acid sensor molecule following recognition of said 
target molecule results in a change in distance between said dmor and acceptor groups, 
tfiereby changing optical properties of said molecule. 

61 . The plurality of claim 57, wherem said optical signaling unit in said two or more 
25 nucleic acid s^or molecules consist essoatially of a first signalmg moiety, wherein said first 

signaling moiety changes conformation upon recognition of said target molecule to said 
target activation site, thereby resulting in a detectable optical signal. 

62. The plurality of claim 57, wherein said two or more biosensor molecules are 
30 provided in solution. 



63. The plurality of claim 57, wherein said two or more biosensor molecules are 
provided bound to a substrate. 
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64. The plurality of claim 53, wherein said substrate is ^ass, silicx>ny nitrocellulose^ 
nylon, or plastic. 

S 65. The plurality of claim 57, wherein said attachment is covalent 

66. The plurality of claim 57, wherein said attachment is non-covalost. 

67. The plurality of claim 57, wherein at least two members of sdd plurality 
0 recognizes different target molecules. 

68. A diagnostic system for detecting a target molecule^ the diagnostic system 
comiHismg 

at least one nucleic acid biosensor, the nucleic acid sensor molecule comprising 
5 a target molecule activation site, the target molecule activation site comprising 

a structure that recognizes to a target molecule; and 
an optical signaling unit, wherein said optical signaling unit inchides at least 
one nucleotide coupled to a signaling moiety; and wh^ein said signaling moiety 
changes its optical fmperties upon allosteric modulation of said nucleic acid sensor 
:0 molecule following recognition of said tai;get molecule; and 

a detector in optical conununication with said nucleic acid biosensor, wherein said 
detector detects changes in the optical properties of said nucleic add biosensor. 

69. The diagnostic system of claim 68, further comprising a ligiht source in q)tical 
:5 cramunication with said biosensor. 

70. The diagnostic system of claim 68, further compridng a processor for processing 
optical signals detected by the detector. 

0 71« The diagnostic system of claun 68, wherein said system comprises a plurality of 

nucleic acid biosensor molecules, wherein at least two of said biosensor molecules recognize 
two different target molecules* 
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72. A kit for detecting a target molecule, the kit comprising 

at least one nucleic acid biosensor, the nucleic acid sensor molecule comprising a 
target molecule activation site, the target molecule activation site comprising a structure that 
specifically recognizes a target molecule, and wherein said optical signaling unit comprises a 
first nucleotide coupled to a first signaling moiety and a second nucleotide coupled a second 
signaling moiety, and wherein said first and second signaling moieties change proximity to 
each other upon allosteric modulaticMi by said target molecule to** said target activation site; 

a reagent for attaching said first signaling moiety; 

a reagent for attaching said second signaling moiety; and, optionally, 

control target molecules; and, optionally 

one or more buffers for analyte detection. 

73. A method for identi^ing a drug compound, the method comprising 
identifying a nucleic acid biosensor-based molecule profile of target molecules 

associated with a disease trait in a patient; 

administering a candidate compound to said patient; and 
monitoring changes in said profile. 

74. The method of claim 73, wherein said profile is compared to fte profile of a 
reference population. 

75. The method of claim 73, whorein said reference population is a heaUby 
population. 

76. The method of claim 73, wherein said reference population is a diseased 
population. 

77. A method for identifying a drug compound, ihe method comprismg 
identifying a plurality of pathway target molecules; 

administering a candidate compound to a patient havmg a disease trait; and 
monitoring changes in tiie structure, level or activity of two or more said plurality of 
pathway targ^ molecules using a nucleic acid biosensor biomolecule. 
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78. The method of claim 77, wherem said changes are compared to a refo-ence 
population. 

79- The method of claim 78, iT^erem said reference populaticm is a healthy 
5 population.. 

80. The method of claim 78, i^herein said reference popxdation is a diseased 
population. 
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